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I. INTRODUCTION 
Radiations from fission fragments before their beta decay 
have been the subject of much recent experimental work. 
Indeed, a good deal of our present knowledge of nuclear 
properties on the neutron-excess side of the line of beta 
stability is a direct result of these experiments. The study 
of these radiations is of dual importance; they yield infor­
mation about the fission process itself as well as about 
properties of nuclei currently inaccessible except through 
the fission process. 
In low energy fission, a heavy nucleus splits typically 
into two unequal fragments with an energy release on the order 
of 200 MeV. Most of this energy is converted to kinetic 
energy of the fragments due to their mutual Coulombic 
repulsion. The remaining portion of the reaction energy 
occurs initially as excitation energy of the primary fragments 
typically 20 MeV per fragment. Since this excitation energy 
is usually well above the neutron binding energy, de-excitation 
proceeds first by the emission of neutrons (prompt neutron 
emission). Each neutron emission removes about 6.5 MeV of 
the fragment excitation energy, about 1.5 MeV occurring as 
neutron kinetic energy and 5 MeV as the neutron binding energy. 
At the present time, the most definitive study (1) of prompt 
neutron emission has been made for ^®^Cf spontaneous fission 
and indicates a neutron multiplicity of about 4 per fission, 
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divided between the two complementary fragments. The low 
value of the neutron kinetic energy limits the amount of 
angular momentum that an average neutron can remove to less 
than 1 Tfi; thus, after all prompt neutron emission has occurred, 
a fragment is usually left with nearly all of its initial 
angular momentum but with most of its excitation energy 
removed. 
Fragment de-excitation then proceeds by the emission of 
gamma rays and/or conversion electrons and x rays. Most of 
these radiations are classified as "prompt", i.e., with half-
lives less than 10"* seconds. In the case of ^®^Cf sponta­
neous fission (sf) , early experiments (2) showed the prompt 
gamma ray multiplicity to be about 10 per fission involving 
a total energy of about 8 MeV per fission. Following these 
prompt transitions, there may be "delayed" transitions from 
isomeric states with half-lives as long as 80 ysec. The 
energy release from de-excitation of isomers is only a few 
per cent of the total energy release due to gamma emission. 
There are about 150 nuclides produced with appreciable 
primary yield in fission, and their subsequent beta decays 
produce 300-400 more nuclides. To acquire useful information 
on a specific nuclide produced by fission, one must use some 
method to study the desired nuclide among the host of others. 
For the prompt fragments the method most commonly used to 
select the radiations of the desired nuclide is that of (at 
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least) three-fold coincidence measurements among the kinetic 
energies of the complementary fragments and one or more of 
their radiations. The fragment masses can be calculated from 
their kinetic energies, and the radiations can thus be 
assigned to specific masses. For cases in which the character­
istic K X rays are measured, the radiations can be assigned 
to specific fragment nuclear charges. This fragment-double-
kinetic-energy-coincidence technique has been applied to study 
emissions of prompt neutrons (1), conversion electrons (3,4), 
K X rays (5,6,7/8), and prompt gamma rays (9,10,11,12). 
Recent fission gamma-ray studies (13) have found the 
average initial angular momentum to about 6 il for the light 
fragment and ~8 iï for the heavy fragment. The primary 
de-excitation is thus an intermediate case between neutron 
capture (low multiplicity, low spin) and heavy-ion reactions 
(high multiplicity, high spin). Other high resolution work 
(10,11) has isolated ground state bands in many even-even 
fragments and provided experimental evidence for a new region 
of permanent nuclear deformation in the mass region of 100 
amu. The K x ray studies have been used primarily to 
determine charge division, the distribution of nuclear charge 
between the complementary fission fragments as a function of 
the mass split. Early measurements showed that the mechanism 
responsible for the rather sizable yields of K x rays was 
internal conversion associated with the gamma-ray de-excitation 
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process (14). Information from prompt gamma-ray yields for 
the even-even fragments has also been used to determine charge 
division (15). The conversion electron studies supplied 
information on the prompt low-energy transitions and provided 
the first experimental evidence for the ground state defor­
mation of ^^°Ru. 
The delayed gamma transitions with half-lives as long as 
80 usee were first observed in fission by Maienschein et al. 
(16). These isomeric transitions occur during the fragment 
de-excitation process well before the onset of beta decay. 
Other early investigations of this type of radiation include 
those by Walton and Sund (17), Johansson (18) and Popeka 
et al. (19). These early studies were made with low-
resolution Nal(Tl) gamma ray detectors. Recently, studies 
have been made with high-resolution Ge(Li) gamma-ray 
detectors. John et (20) investigated the delayed gamma 
rays emitted by fission fragments from (sf). Gamma-ray 
intensities were determined as functions of fragment mass, 
gamma energy and time after fission. Thus each gamma ray 
was assigned a fragment mass and lifetime in the gamma energy 
range of 50-2860 keV and lifetime range 3-2000 nsec. Some 
important conclusions from this work are these: (1) Approxi­
mately 50% of the fragments have isomeric states concentrated 
in roughly four regions near masses 96, 108, 134 and 146 amu; 
(2) Rotational cascades are not observed, in contradiction to 
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the earlier low-resolution work of Johansson (18); and (3) The 
energies and half-lives spanned by the data imply that the 
delayed transitions are El, Ml, or E2, "either allowed or 
K-forbidden by a few units", and that the initially high spins 
of the fragments are less important than indicated by 
Johansson (18) in determining the character of the delayed 
gamma rays. 
Gruter et (21) studied fragment isomers in the usee 
lifetime range produced by the thermal neutron induced fission 
(n^f) of 2 3Sy. High resolution Si (Li) and Ge(Li) photon 
detectors were used in various coincidence arrangements. The 
nuclides were separated in a gas-filled fission product 
separator, with a transit time of 1 usee. The authors 
reported a number of isomers with neutron numbers N = 58 and 
59, bordering on a predicted region of permanent deformation 
(22,23). They suggested that the observed isomerism may be a 
shape isomerismc 
Shortly after the work of John et (20) was published, 
Cheifetz et (10,11) reported the presence of ground state 
bands in fission fragment de-excitation. An examination of 
the two papers reveals that several of the delayed transitions 
reported in the former work are assigned in the latter to 
4^ -+ 2^ or 6^ 4^ rotational transitions in the rare earth 
region. The 2^ 0^ members of the corresponding cascades 
are in the 70-80 keV range, a region not analyzed in the 
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former work because of interference from Pb K x rays; thus, 
the conclusion regarding rotational cascades in this work must 
be held suspect. Another experimental difficulty in this 
work, that may have led to incorrect assignments of rotational 
transitions to delayed states, was the lack of correction for 
anomalous pulse shapes in the Ge(Li) detector. The phenomenon 
of incomplete or slow charge collection in weak field regions 
of such detectors (24) can result in output pulses with 
unusually long rise times. Such pulses can cause spurious 
delayed components to appear in the time spectrum, with 
apparent lifetimes as long as several hundred nsec. This 
difficulty may also affect the assignment of other transitions 
to isomers. 
These uncertainties in the nature of delayed radiation 
indicated the desirability of further investigation and 
clarification of fission fragment isomerism. Accordingly, 
the present experiments were designed to elucidate these 
uncertainties and other features of isomeric transitions in 
fragments from -^'Cf (sf) . The first experiment was designed 
to study both delayed K x rays and gamma rays in ^^^Cf (sf). 
Two surface-barrier heavy-ion detectors measured the kinetic 
energies of a complementary fragment pair. A Ge(Li) photon 
detector viewed the face of one fragment detector in a manner 
closely resembling that used by John et a^. (20) and measured 
the energies (in the 30-1500 keV range) and emission times 
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(up to 3 usee) of the delayed gamma rays. A Si(Li) photon 
detector viewed both fragment detectors and measured the 
energies (in the 6-100 keV range) and emission times (up to 
3 lisec) of the delayed fragment K x rays and low-energy gamma 
rays. The coincidence logic was devised to record an event 
whenever a photon was detected by either the Ge(Li) or the 
Si(Li), or both, in coincidence with a fission fragment pair. 
The second experiment was designed to observe gamma-ray 
cascades in the de-excitation of isomeric levels. In this 
experiment a heavy-ion detector observed one fission fragment 
while two Ge(Li) detectors measured the energies and emission 
times of any two members of a delayed cascade. 
The new information to be derived from these experiments 
includes the following: (1) The elimination of spurious 
delayed components by pulse shape discrimination on the photon 
detector signals, and the reduction of interference with 
J. J. 
2 -> 0 • ground-state transitions by Pb K x rays could resoxve 
the question of isomeric de-excitation into ground-state 
rotational bands; (2) Gamma-K x ray coincidence information, 
or similar lifetime and mass assignments for a K x ray and 
gamma ray, could be used to assign a unique nuclear charge 
(atomic number) to the nuclide exhibiting a given isomeric 
transition; (3) The results from Ge(Li)-Ge(Li) coincidence 
measurements can be used to determine uniquely the members 
of a gamma-ray cascade; (4) Identification of the transition 
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responsible for the isomeric lifetime of a cascade may be 
possible from comparison of the results of the present work 
with those from previous studies of prompt transitions. In 
some cases it may even be possible to determine the multi-
polarity of the isomeric transition, using the K conversion 
coefficient deduced from the K x ray intensity data; (5) The 
use of the Si(Li) low-energy photon detector may reveal the 
presence of gamma rays below the energy detection threshold 
of previous experiments. 
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II. EXPERIMENTAL PROCEDURE 
A. Delayed K X Rays and G aima Rays 
Apparatus and data collection 
The geometrical arrangement of the fission source, 
detectors, and shields is shown schematically in Fig. 1. A 
thin source of ^®^Cf was placed between two Si-Au surface 
barrier detectors which detected the complementary fragment 
pairs from fission events. A Si(Li) detector for the K 
X rays and low-energy gairana rays was positioned to be in full 
view of the face of each fragment detector, but shielded by 
a 1.7-mm thick Cu shield from prompt radiations emitted near 
the source position. A Ge(Li) detector for higher energy 
photons was placed on the opposite side of the source from 
the Si(Li) detector. This detector viewed fragments stopped 
on the face of Fragment Detector 1 but was shielded by a Cu-
lined Pb shield from prompt radiations emitted near the 
source and from delayed radiations emitted from the face of 
Fragment Detector 2. Thus, photons were observed directly 
only if emitted by fragments stopped on a fragment detector 
face or by fragments in the last portion of their flight path. 
The fission source was prepared by self-transfer of ^®^Cf 
onto a 90 yg cm"^ Ni foil supported by a thin plastic frame. 
The source was then covered by vacuum volatilization with 
approximately 20 ug cm"^ of Au to prevent loss of ^®^Cf from 
Fig. 1. Schematic representation of geometry 
of six-parameter experiment. Fragment 
Detectors 1 and 2 measured kinetic 
energies of a complementary fission 
fragment pair. Si (Li) detector 
measured energies of K x rays and 
low-energy gamma rays. Ge(Li) detector 
measured energies of higher-energy 
gamma rays. 
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the foil by further self-transfer. The average fragment 
energy losses in the Ni foil and Au cover were determined to 
be 4.5 MeV and 0.35 MeV, respectively. The source strength 
was approximately 2 x 10® fissions per minute. 
Each Si-Au surface barrier detector was manufactured from 
400 n-cm silicon and had an active area of 4 cmf. Near the 
face of each was a plastic collimator 1.9 cm in diameter to 
prevent fragment detection near the edge of the sensitive 
area and to reduce scattering into the sensitive region. 
During the experiment the detectors were operated at a bias 
of 75 volts and a temperature of -15°C, maintained by thermo­
electric coolers and sufficient to keep the leakage current 
low despite the accumulation of damage due to fragment 
bombardment. The leakage current of a typical pair of 
detectors was initially 0.1 yA at a bias of 75 volts and at 
room temperature, and, after accumulation of 5.5 x 10® 
fragments cm"', rose to 1.8 yA at -i5"C and 45 yA at room 
temperature. During the data runs, the mass resolution and 
calibration of the surface barrier detectors were monitored 
by setting digital windows on some coincident gamma rays of 
known mass and observing the associated mass spectra. During 
the course of the experiment, there was no noticeable change 
in either the mass resolution or calibration of the detectors. 
The planar Si (Li) detector was a cylindrical crystal of 
3 mm active thickness and 1.1 cm^ area, enclosed in its own 
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vacuum chamber and viewing the fragments through a 46 mg cm~^ 
Be window and a 4 mg cm~^ Mylar shield, which prevented 
contamination of the Be window. The detector and the field-
effect transistor (FET) in the first stage of the preamplifier 
were mounted on a cold finger which was maintained at the 
liquid nitrogen (LN) temperature of 77° K. The energy-
dependent absolute detection efficiency of x rays for the 
Si(Li) detector was determined by placing standardized spread 
sources of ®®Zn, ^®Se, ^°®Cd, ^^^Ba, ^®^Gd, and 
''Am on the face of a used fragment detector located in the 
experimental geometry. The response functions for these K 
X ray standards were in good agreement with published values 
(25,26), using the energies and relative intensities of the 
K , K , Kg , and Kq components, and showed that the system 011 06 2 pi (j 2 
had excellent linearity. The energy resolution for the 26.36-
keV gamma ray of ^Am was 560 eV, full width at half maximum 
(FWHM). The prompt x ray shield (1.7-mm thick Cu), shown in 
Fig. 1, prevented detection of prompt x rays emitted by 
fragments near the source and of the Cm x rays following a 
decay of ^®^Cf. 
The Gs (Li) photon dstectoïT was a rectangular planar 
crystal of active dimensions 1.0 cm x 2.0 cm x 2.7 cm. It 
was enclosed in its own vacuum system and viewed the interior 
of the fission chamber through a 90 mg cm~^ Be end window and 
a 100 mg cm"^ A1 chamber window. Photons from the fission 
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fragments entered the detector through a 1.0 cm x 2.0 cm 
face. The energy-dependent absolute detection efficiency and 
linearity were determined by placing standardized spread 
sources of i°*Cd, ®'Co, ^°'Hg, i*?Cs, and ®°Co on the 
face of a used fragment detector located in the experimental 
geometry. The energy resolution of this detector was 2.0 keV 
(FWHM) for the 122.1-keV transition of ®'Co and 2.9 keV 
(FWHM) for the 1332'=keV transition of ®®Co. The prompt 
gamma-ray shield, which also served as a holder for the source 
mount, was constructed of Pb, with all exterior surfaces in 
view of either the Si(Li) or Ge(Li) detector covered by 1.0-
mm thick Cu in order to reduce the Pb K x ray background due 
to fluorescence in the Pb shield. The surface of the Cu 
lining facing the fission source was serrated to reduce small 
angle scattering of the fission fragments into the fragment 
detectors. This gamma-ray shield prevented the Ge(Li) 
detector from seeing directly both the gamma rays emitted 
near the source (thus reducing the "prompt" background) and 
the gamma rays emitted from the face of Fragment Detector 2 
(thus insuring a unique mass identification). 
of Fig. 1 was enclosed in a 9-inch diameter, 5-inch deep 
vacuum chamber, maintained at a pressure of approximately 
1 mTorr of Hg by use of an oil diffusion pump. A Cu envelope, 
was placed inside the chamber and surrounded the apparatus, 
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and was maintained at LN temperature in order to reduce 
condensation of moisture and backstreaming diffusion pump oil 
on the faces of the cooled fission fragment detectors. 
Pig. 2 shows a block diagram of the electronics used in 
the experiment. Each fragment detector (F1 and F2) signal 
was processed by both a linear preamplifier (PA) and a fast 
amplifier and time pick off (TPO) system. The TPO lower level 
discriminator (LLD) of detector F2 was set to trigger whenever 
an alpha particle or fission fragment was detected. The TPO 
output signal was then inspected by a pile-up rejector (PUR) 
circuit which vetoed any event in which two pulses occurred 
in the time interval of 20 nsec to 10 ysec. This reduced 
distortion of the fragment kinetic energy spectrum caused by 
accidental pile-up between fission fragments and alpha 
particles. 
Fragment detector F1 had a dual TPO system. The LLD of 
one section was set to trigger on alpha particles and fission 
fragments and its output was also inspected for pile-up. The 
other section was set to trigger on fission fragments only 
and its output was used to start two time-to-amplitude 
converters (TAC * s) = 
The output of each fission fragment PA was further 
processed by a linear amplifier (AMP)/ single-channel 
analyzer (SCA) and linear gate (LG). The LLD of each SCA 
Big. 2. Block diagram of electronics used in six-parameter experiment. 
Explanation of terms; 
F1,F2 - fission fragment detectors 
X - Si(Li) detector 
Y - Ge(Li) detector 
PG - pulse generator 
TPO - time pick off 
PA - preamplifier 
AMP - shaping amplifier 
PUR - pile-up rejector 
TAC - time-to-amplitude converter 
PSD - pulse shape discriminator 
LG - linear gate 
SCA - single-channel analyzer 
FAST GOING - fast coincidence circuit 
SLOW GOING - slow coincidence circuit 
ADG - analog-to-digital converter 
ADC4 LG AMP F2 PA 
TPO OR 
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COINC PUR SCA TPO 
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set above the energy of an a-a pile-up event. A coincidence 
between F1 and F2 was established from the SCA outputs by a 
fast coincidence circuit (FAST COINC) with a resolving time 
of 300 nsec. Each coincident fission fragment LG output was 
then digitized by a 1024-channel analog-to-digital converter 
(ADC). 
The signal from the Si (Li) detector was amplified by a 
cooled FET preamplifier. A fast timing signal was available 
from the PA before the first stage of integration and was 
processed by a TPO system using the amplitude-risetime-
compensated method described by Chase (27). The fast logic 
output of the TPO was delayed 800 nsec by delay cable and 
then used as a stop signal for one TAC. The 800 nsec delay 
created a "negative time" region in the TAC spectrum, thus 
enabling correction of the observed K x ray intensities for 
chance events. An integrated output of the Si(Li) PA was 
further amplified by an AMP. The amplified outputs of the 
X ray TAC and energy channels were then digitized by 1024-
channel ADC's. 
A pulse shape discriminator (PSD) circuit was used to 
reject Si (Li) pulses with anomalous rise times. At one stage 
of the Si (Li) TPO system the fast signal was sharply 
differentiated (RC = 20 nsec) and the resultant signal was 
normalized to the AMP output to produce a "rise time spectrum". 
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An SCA was then set on the appropriate region of this 
spectrum in order to accept pulses with the proper rise time. 
The signal from the Ge(Li) detector was amplified by a 
room temperature FET PA. One of the nonintegrated PA outputs 
was used to derive a fast timing signal using a standard 
leading edge TPO whose LLD was set to trigger on pulse 
heights corresponding to 25-keV gamma rays. This fast timing 
signal was delayed and used to stop one of the TAC's. The 
other PA output was further amplified and shaped by an AMP. 
The amplified outputs of the TAC and AMP were then digitized 
by 2048-channel ADC's. A nonintegrated output of the AMP was 
inspected by a PSD for the proper pulse shape. 
The coincidence logic signal which gated the six ADC's 
was obtained in the following manner. Two slow coincidence 
(SLOW COINC) circuits were used, one for F1-F2-X events and 
one for Fl-F2-gamma events, each of which required inputs 
from FAST COINC and the respective TAC and PSD channels. Each 
SLOW COINC could be vetoed by a signal from PUR indicating a 
pile-up in either of the fission fragment counters. A non­
exclusive OR GATE, which received the outputs from the two 
SLOW COINC circuits, was used to enable the six ADC's. The 
digital outputs of the ADC's were stored in a buffer memory 
and later transferred to magnetic tape. Each event recorded 
on tape was thus one of three types: F1-F2-X, Fl-?2-gamma, 
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or Fl-F2-gaiiuna-x coincidences. (Such events will be referred 
to later as f-f-rx, f-f-y, or f-f-y-x.) 
Since the data collection period was about two months 
in duration it was necessary to monitor gain and baseline 
instabilities in the six parameters. For this purpose an 
alternating output dual mercury puiser system was devised. 
One output of the puiser corresponded to low-amplitude 
signals in the fission fragment, Si(Li), and Ge(Li) energy 
channels; the other puiser output corresponded to high-
amplitude signals in these channels. The low-high amplitude 
effect was simulated in the two time channels by delaying 
one of the puiser outputs through delay cable before connec­
tion to the Si(Li) and Ge(Li) PA's. The time difference 
between puiser peaks in each TAC spectrum was approximately 
3 ysec. 
The stabilizing puiser had a low repetition rate during 
the data collection and each puiser "event" was tagged by a 
special bit on the magnetic tapes. The Ge(Li) energy spectrum 
was gain and baseline stabilized by a pair of commercial 
digital stabilizers. Instabilities in the other parameters 
were compensated during the computer analysis by following 
the first moments of the puiser peaks. 
One magnetic tape of data consisting of typically 
700,000 events was recorded every 30 hours. When a tape was 
changed, the coincidence logic was altered to record -170,000 
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binary fission events (F1-F2 coincidences) and permit the 
later determination of the and parameters of the 
fragment detector calibration procedure devised by Schmitt 
(28). The Si(Li) energy channel was calibrated with a source 
of and the Ge(Li) energy channel was calibrated with 
the 59.57-keV transition of ^^Am and the 1332.5-keV transition 
of ®°Co. The ADC ranges and calibrations used are listed in 
Table 1. 
Table 1. ADC ranges and calibration factors 
Experimental Max. Calibration 
ADC Parameter Channels per Channel 
1 Energy, Si(Li) 1024 100 eV 
2 Time, Si(Li) 1024 4.0 nsec 
3 Energy, F1 1024 -150 keV 
4 Energy, F2 1024 ~150 keV 
5 Energy, Ge(Li) 2048 0.75 keV 
6 Time, Ge(Li) 2048 2.0 nsec 
For stabilization purposes, it was assumed that the 
average of the pulser-energy relationships determined by the 
calibration runs before and after a data run were valid 
during that run and, therefore, that changes in the gain and 
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baseline during that run could be monitored by changes in the 
first moments of the puiser event peaks. 
2. Data analysis and results 
Analysis of the data proceeded through several steps. 
In the first step each magnetic tape of coincidence data 
was analyzed by computer on an event by event basis. If an 
event was found to be a puiser event (by checking a special 
bit tag), then a stabilization subroutine was entered. The 
stabilization routine recalled the first moment of the 
appropriate puiser peak, calculated on the basis of the first 
100 pulsar events, and also calculated a "new" first moment 
using the last 100 puiser events. Whenever the "new" first 
moment differed from the recalled one by at least one channel, 
then a new gain and baseline were computed to reflect the 
change in the puiser first moment, and the recalled first 
moment was replaced with the "new" one= 
For events which were not puiser events the following 
analysis was performed. First, the total fragment kinetic 
energy (TKE) and light fragment mass before prompt neutron 
emission (M^) were computed from the two complementary 
fragment pulse heights using the previously established 
energy calibration method of Schmitt et al. (28) and correcting 
for prompt neutron emission. The published neutron emission 
data (1) were slightly smoothed and normalized to give an 
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accurately known value for the average number of neutrons 
emitted per fission (29) . The TKE dependence of the neutron 
multiplicity was considered as described in Ref. 7. 
The mass and TKE computation involves an iterative 
procedure which, if done for each event, is a rather lengthy 
process in terms of computer time. One method to decrease 
the computation time is the construction of two-dimensional 
matrices which contain the mass and TKE as functions of the 
two fragment detector pulse heights (30). To obtain suffi­
cient accuracy with this method it is necessary to use either 
rather large array sizes (thus large amounts of computer core) 
or else an interpolation scheme between grid points in a 
smaller array. In the present analysis a hybrid scheme was 
used for the mass-TKE calculation. Each fragment detector 
pulse height was stabilized as described above and the pulse 
height spectrum gain and baseline adjusted so that the 
Schmitt calibration parameters (28), and P^, corresponded 
respectively to the average light and heavy fragment kinetic 
energies, <E^> and after prompt neutron emission. The 
values used for these kinetic energies were <E^> = 103.77 MeV 
and = 79 = 37 MeV= Two correction matrices,- DQ and DS,-
were computed to be related to M£ and TKE in the following 
way: 
= Q + DQ(Q,S) 
TKE = S + DS(Q,S) 
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where S is the sum of the fragment pulse heights and Q is 
252 (A for ^®^Cf) times the ratio of the heavy fragment pulse 
height to the sum S. In the iteration scheme, Q is the zeroth 
order approximation to M£ and s is the zeroth order approxi­
mation to TKE. The DQ and DS matrices (functions of Q and S), 
are thus small corrections to the zeroth order approximations 
of M£ and TKE. To calculate M£ and TKE using this scheme, 
one then computes the quantities Q and S from the individual 
fragment pulse heights and then adds to each the corresponding 
correction matrix element. The correction matrices used in 
this work were of size 50 by 50 which was large enough to 
avoid interpolation between grid points, since between 
adjacent points DQ changed by less than 0.1 amu and DS changed 
by less than 0.2 MeV. 
In order to preserve the integrity of the mass assign­
ment for the fragment striking Fragment Detector 1 of Fig. 1, 
it was sufficient to keep track of the relative sizes of the 
two pulse heights for a light or heavy mass assignment since 
the light fragment striking Fragment Detector 1 resulted in a 
larger pulse height for that detector than for Fragment 
Detector 2= If the fragment striking Fragment Detector 1 was 
determined to be the heavy member of the pair, then the pre-
neutron mass complementary condition 
= 252 
was used to obtain the heavy fragment mass MA. 
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After the pre-neutron mass and TKE had been determined 
from ADC parameters 3 and 4 (see Table 1), then ADC parameters 
1, 2, 5 and 6 determined whether the event was an f-f-y, 
f-f-x or f-f-y-x type. For example, if ADC parameters 1 and 
2 were non-zero but ADC parameters 5 and 6 were zero, then 
the event was of the f-f-x type. The non-zero members of ADC 
parameters 1, 2, 5 and 6 were then corrected for gain and 
baseline instabilities and ADC parameters 2 and 6 were cor­
rected for pulse-height dependent timing walk. The event 
was then written on a "transformed" magnetic tape. 
The "transformed" event had the following parameters 
associated with it; (1) a 2-bit tag to indicate the event 
type; (2) the light fragment pre-neutron mass and a bit tag 
to indicate whether the fragment striking detector 1 was the 
light or heavy member; (3) the pre-neutron TKE; (4) the 
stabilized Ge(Li) or Si(Li) energy; and (5) the stabilized 
and walk-corrected Ge(Li) or Si(Li) TAC pulse height. A 
"transformed" event of the f-f-y-x type contained both Ge(Li) 
and Si(Li) energies and associated TAC pulse heights. A tape 
storage compression factor of 3 was obtained for the 
"+• e r%T**îma>*T7 
because of three factors: (1) seven-track to nine-track 
tape conversion; (2) tape density change from 556 bytes per 
inch to 800 bytes per inch; and (3) change from 96 bits to 
64 bits per event for all but f-f-y-x events. Over 30 
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original data tapes had been collected from which 10 
"transformed" data tapes were written. 
In the second step of the data analysis, the event by 
event data of the "transformed" tapes were sorted into 
matrices of Si(Li) and Ge(Li) intensity as a function of 
fragment post-neutron mass (calculated during sorting) and 
emission time after fission. 
The Ge(Li) spectra were sorted into 45 mass bins of 2 
amu width and 8 time bins with boundaries at 5, 9, 15, 29, 
49, 99, 299, 999 and 3000 nsec. Fig. 3 shows samples of the 
Ge(Li) spectra sorted by fragment mass and emission time. 
The spectra have been smoothed for visual clarity by replacing 
each channel content with the average content of that channel 
plus the adjacent channels. The 0-200 keV energy range in 
the 99-299 nsec time bin is shown for two mass bins which 
are centered at complementary post-neutron masses. The 
different appearance of the two spectra shows the effectiveness 
of the Pb shield in separating complementary fragments. The 
upper spectrum for 135.0-137.0 amu shows only three prominent 
peaks whereas the lower spectrum for 111.0-113.0 amu is more 
complex = 
For f-f-y events, the objective of the data analysis was 
the determination of the energy of each gamma ray, the mass 
of the emitting nuclide, and the half-life and intensity of 
the activity plus estimates of the associated errors. The 
Fig. 3. Mass-time-sorted Ge(Li) spectra for 
complementary mass regions but for 
the same time after fission. 
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following steps were taken in order to determine these 
quantities; 
1) Peaks were identified in each mass-time sorted 
spectrum and the energy and intensity of each peak determined. 
2) The ensemble of peak energies and intensities from 
the previous step was searched for peaks of the same energy 
appearing in adjacent mass and time bins. Those appearing in 
several adjacent bins were selected for further analysis. 
3) The intensity distribution vs. time and mass bin of 
each peak selected in the second step was least squares fit 
with an appropriate functional form to determine the mass 
centroid, half-life and net intensity of the distribution for 
a particular gamma ray. 
Fig. 4 illustrates the basic features of the gamma ray 
intensity distributions. Six spectra of the same Ge(Li) 
energy region are shown for adjacent time bins in 3 consecutive 
mass bins. Three of the prominent peaks in the spectra which 
were found by PEAKFIND in Step 1 are labeled. Since they 
appear in adjacent mass and time bins (Step 2), they were all 
selected for analysis in Step 3. 
Per the peak identification of the first step, the 
PEAKFIND computer code (31) was used. PEAKFIND located the 
peaks using a method similar to that reported by Mariscotti 
(32). After the peaks were located in a spectrum, PEAKFIND 
then fit each peak intensity, Y(x), with the skewed Gaussian 
Fig. 4. Mass-time-sorted Ge(Li) spectra for adjacent time bins 
of three consecutive mass bins. Three peaks which 
appear in the six spectra are labeled - A: 96.2-keV 
transition (T , =547 nsec) in ; B and C: 153.9-
1/2 44 G5 
and 176.3-keV transitions, respectively, (T^^^=116 nsec) 
in ^ ° ®Tc . 
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function 
-z (2z-z ) 
Y^e [l+A (z-z^) ], z<z^ 
Y(x) = 
-z^ Y,e ,  z>z, 
where Y^ is the height of the fit function at the centroid 
position, Xg, and z is related to the channel number, x, and 
the FWHM of the Gaussian function by the relation 
In the above function z^ is the value of z at x=x^, where 
Xj{<X|j) is the channel number position of the boundary at 
which the functional form changes. The function Y(x) is a 
pure Gaussian shape above the centroid and down to a distance 
T = Xg-X^ below the centroid, below which Y(x) is the skewed 
exponential decay. The skewness parameter A, FWHM and the 
crossover distance T were determined as (linear) functions of 
energy using the calibration sources mentioned earlier and 
then were held fixed during the fitting procedure. The back­
ground B{k) UNDER the photopeaks was assumed to have the 
functional form 
-b X 
B(x) = b e 
0 
Then Yg, Xg, bg and b^ were optimized in the least squares 
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sense using the Gaussian iteration method. The result of one 
such fit for a strong peak is shown in Fig. 5. 
The results of the fits were graphically displayed. The 
graphs, in addition to the statistical variances of the fits, 
were used as indicators of the quality of the fit and some­
times revealed unresolved multiplets. The PEAKFIND results 
were checked against the mass-time sorted spectra to locate 
significant peaks that PEAKFIND was unable to find. A second 
PEAKFIND analysis of the data was then made in which initial 
estimates of the centroid locations were supplied to the 
program and only the fitting portion was used. On the second 
pass only unresolved multiplets and peaks not noticed by 
PEAKFIND on the first pass were analyzed. Two multiplet fits 
from the second pass are displayed in Fig. 6. The same 
portion of the Ge(Li) pulse height spectrum is shown in two 
adjacent mass bins for the 299-999 nsec time region. Four 
peaks were analyzed in each fit. 
The centroid, intensity, mass bin and time bin for each 
gamma ray found in the above analysis were stored on punched 
cards. In Step 2 of the Ge(Li) analysis this ensemble of 
data was sorted according to mass bin. Within each mass bin, 
the gamma rays were further sorted in order of increasing 
energy and then in order of increasing time bin if one gamma 
ray appeared in more than one time bin. If a gamma ray 
appeared in at least two adjacent time bins of one mass bin. 
Fig. 5. Computer fit of skewed-Gaussian function (+ background) 
to a singlet peak in one mass-time-sorted Ge(Li) 
spectrum. 
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then the adjacent mass bins were examined for the presence of 
that gamma ray in the same time regions. If the gamma ray 
appeared in at least one adjacent mass bin as well as adjacent 
time bins then it was selected for analysis in the next step. 
A search was made with wide mass and time windows and a narrow 
energy window on the PEAKFIND ensemble to find the intensities 
and centroids of interest for each selected peak. This search 
then resulted in a four-valued matrix {peak centroid and 
intensity with standard deviations) of two dimensions (mass 
bin and time bin) for each gamma ray which was stored for 
analysis in Step 3, 
For the final step of the Ge(Li) spectral analysis, the 
four-valued matrices from Step 2 were scrutinized in order to 
find possible multiplets. A table was constructed which 
listed the relative intensities of adjacent time bins as 
functions of assumed half-life. Estimates of the half-life 
tor a. given gamma ray were then obtained by interpolating this 
table on the basis of the experimental relative intensities 
in adjacent time bins. Also, the mass centroid position 
could be estimated from the peak of the distribution in the 
mass direction. From the variation of the half-life estimate 
over the range of time bins for a given gamma-ray intensity, 
several lines with multiple decay times were found. Multiplets 
could be resolved by detecting small systematic changes in the 
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energy centroid and/or the shape of the intensity distribution 
in the mass direction for fixed time bins in the matrix of 
interest. 
After using the above procedure to generate estimates 
for the number of gamma-ray components in a given intensity 
matrix and associated mass centroids and half-lives, the 
intensity I(M,T) vs. mass bin M and time bin T was least 
squares fit with the function 
-[m(M)-A 1 V2a2 
I(M,T) = I —— e 
n /2ïi a 
-X [t-t (i)] 
' ^n I dt e P 
^ J t%(T) 
where 
= intensity of nth component. 
= decay probability of nth component 
(=2n2/half-life), 
= mass centroid of nth component, 
a = ma-ss dispersion 
m(M) = center of mass bin M, 
t^(T) = lower boundary of time bin T, 
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t^(T) = upper boundary of time bin T, 
p(i) = value of unity-normalized prompt-time response 
function, and 
tp(i) = time coordinate of ith point of time response 
function. 
The n summation is taken over all gamma-ray components of the 
intensity distribution and the i summation is taken over all 
points of the prompt-time response function. 
The and a were parameters to be optimized. 
If a particular intensity matrix had been determined to 
contain a multiplet, then a was constrained to have the same 
value for all components. The variable metric minimization 
code of Davidon (33) was used to minimize the statistical 
goodness of fit and to generate estimates of the parameter 
variances ^ Initial estimates of X„, A and a were obtained 
for each fit as described above. Initial estimates for the 
I^ were generated by fitting the above function for I(M,T) 
in the linear least squares sense, varying the I^ and holding 
the and a fixed at their corresponding initial 
estimates. During the fitting procedure the sum of the 
calculated intensities over the observed mass-time bins was 
constrained to equal the sum of the observed (PEAKFIND) 
intensities in these bins. 
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The prompt-time response function, p(i), (characteristic 
of the energy of the gamma ray) was obtained in the following 
manner. Prior to the data collection, the prompt-time 
response function of the system was determined as a function 
of the pulse height of the Ge(Li) signal. A ""Co source was 
used for this purpose and the start signal for a TAC was 
obtained from a plastic scintillation detector with a window 
set on the 1.33-MeV energy region. The corresponding stop 
signal for the TAC was obtained by the Ge(Li) TPO system 
(cf. Fig. 2 and associated text), with the same electronic 
module switch settings to be used in the later six-parameter 
experiment. The TAC pulse height and Ge(Li) pulse height 
were then recorded for each event in which a 1.33-MeV gamma 
ray had been detected in the plastic scintillator and the 
coincident 1.17-MeV gamma ray had been detected in the Ge(Li) 
detector, the latter either as a full-energy photopeak or 
partial-energy Compton scattering event. The resulting matrix 
was the response of the timing system to prompt coincidences 
as a function of Ge(Li) pulse height. The function p(i) for 
a given gamma-ray energy could then be obtained by numerically 
interpolating the prompt response matrix between adjacent grid 
points at 6-keV intervals. The same response matrix was also 
the basis for the correction of pulse-height-dependent 
timing walk, described earlier. The FWHM of the prompt 
functions varied smoothly from 8.0 nsec at 100 keV to 1.8 nsec 
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at 1 MeV, with the contribution due to the plastic scin­
tillator start pulse (as well as the Si-Au surface barrier 
detector) being negligible. 
The resulting fit for a 176.3-keV transition at mass 108 
is illustrated in Fig. 7. The solid circles and error bars 
are the PEAKFIND results for the gamma intensities and 
corresponding standard deviations in each mass-time bin. The 
calculated results of the least-squares fit for each mass-time 
bin are represented by the histograms. As can be seen from 
the figure, this particular gamma ray appeared in 6 (out of 
the 8) time bins and was found to have 2 half-life components. 
The centroid position of the gamma-ray energy for each 
singlet peak was obtained from the average of the centroid 
positions in the separate mass-time bins as determined by 
PEAKFIND, where each PEAKFIND centroid was weighted by the 
inverse of its associated variance. The average centroid 
position for each component of a multiplet peak was determined 
in a similar fashion, restricting the averaged sample to 
those regions of the 4-valued matrix in which the intensity 
of that component was maximized. The peak centroids were 
then corrected for small system non-linearities and the 
intensities were corrected for the energy-dependent absolute 
detection efficiency. 
The Si(Li) spectra were sorted into 23 mass bins of 2 
amu width and 10 time bins with boundaries at 7, 11, 15, 19, 
Fig. 7. Resulting computer fit of mass-time intensity function, 
I(M/T), to PEAKFIND values of gamma-ray intensities. 
Solid circles with associated error bars are PEAKFIND 
intensities plotted at center of corresponding mass 
bin. Histogram heights are resulting values of I(M,T) 
at center of mass bin. Parameters determined from fit 
are listed. 
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27, 47, 99, 199, 299, 999 and 3000 nsec. Also, for computer 
memory economy , the energy scale was reduced to 200 eV/channel 
by two-channel summing. Because of the experimental geometry, 
an f-f-x event does not distinguish between a light or heavy 
mass fragment. Because of this ambiguity the Si(Li) events 
were doubly sorted in the following manner. Heavy and light 
post-neutron masses were calculated for each event and the 
event was added twice to the Si(Li) matrix, once for the 
light mass (directly determined) and once for 248.28 minus 
the heavy mass (indirectly determined), where 248,28 is the 
2 5 2cf mass number minus the average total neutron multiplicity. 
When the TKE was equal to the average TKE for that mass split, 
the directly and indirectly determined masses were degenerate; 
however, because the neutron multiplicity is assumed to 
decrease linearly with increased TKE, a deviation from the 
average TKE produced equal and opposite displacements of the 
directly and indirectly determined post-neutron masses from 
the average. 
In energy regions of each Si(Li) spectrum where there 
was no interference from fission fragment K x rays, the 
yôïïtïTiâ rdyS COiilu bê ârialyZêd xïi the mauriêr dêSCîTibêu. ûboVê 
for the Ge(Li) gamma rays. In some cases the mass assignment 
ambiguity for a gamma ray could be resolved due to observa­
tion of the same gamma ray in the Ge(Li) spectra. 
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The results of the gamma-ray analysis are listed in 
Tables 2 and 3. Table 2 lists Ge(Li) gamma rays and each 
Si(Li) gamma ray for which the mass ambiguity could be 
resolved because of clear presence in the Ge(Li) spectra. 
The uncertainty in the Ge(Li) gamma-ray energy is +0.2 keV, 
due almost entirely to calibration uncertainties since the 
average peak centroids were all determined to less than 0.08 
keV. The listed uncertainties in the mass centroids are 
purely statistical standard deviations estimated from the 
fitting procedure and do not reflect systematic errors in the 
mass calibration (discussed below). For some lines of low 
intensity, convergence of the fitting procedure could not be 
obtained when the mass centroid was varied. In these cases, 
the mass centroid was estimated by scrutiny of the intensity 
distribution and was not varied in subsequent fitting. An 
uncertainty of +2 amu has been assigned to these cases. 
Table 3 contains results from the Si(Li) gamma-ray 
analysis for cases in which the mass ambiguity could not be 
resolved. As for the Ge(Li) gamma rays, the energy 
uncertainty (+0.1 keV) reflects the estimated uncertainty in 
the energy calibration. In both Tables 2 and 3, the intensi­
ties of the gamma rays are expressed in photons per 10^ 
fissions, where corrections have been made for absolute 
detection efficiency. The standard deviation of the intensity 
Table 2. Delayed gamma rays 
Mass(amu) E (keV) Half-life(nsec) 
Value Sigma(%) 
Photons/10® fissions 
Value Sigma(%) 
87 
86.87+0.18 92.1 <4' 36 (50) 
88 
88.08+0.70 
88.40+0.16 
110.8 
158.9 
2600 
4100* 
( 2 6 )  12 
24 
(20) 
(30) 
93 
93^ 108.7 16 (40) 88 (10) 
93.40+0.30 111.0 69 (20) 36 (19) 
93^ 117.3 8.0 (10) 48 (10) 
92.93+0.09 142.2 57 (2) 374 (6) 
3^ - 56 (50) 93.46+0.28 217.1 [ ;  37 (28) 63 (19) 
^Experimental time resolution prevents accurate half-life determination. Lower 
limit is -0.1 nsiec due to Pb shield. 
^Determined from relative intensities in adjacent time bins; not varied in 
computer fit. 
'^Determined from relative intensities in adjacent mass bins; not varied in 
computer fit (uncertainty = +2 .amu) . 
Table 2. (Continued) 
94 
95 
96 
Mass(amu) Ey (keV) 
94C 84.7 
94^ 94.5 
94*^ 191.4 
94*^ 276.5 
95^ 58.3 
94.8+1.3 87.5^ 
95^ 129.2 
96.34+0.05 204.0 
95.93+0.06 352.0 
^Data from Si(Li) spectra 
in Ge(Li) spectra. 
Half-life(nsec) 
Value Sigma(%) 
Photons/10® fissions 
Value Sigma(%) 
<4^ 
95 (30) 
113 (21) 
18 (40) 
32 (50) 
20 (10) 
29 (9) 
58 (20) 
<5^ 
8 (50) 
10.1 (11) 
80 (50) 
240 (26) 
30 (12) 
23.8 
22.3 
(5) 
(5) 
605 
467 
( 6 )  
(11) 
(E^ uncertainty = +0.1 keV); seen but not analyzed 
Table 2. (Continued) 
Mass(amu) E^(keV) 
97 
98 
97.23+0.55 50.0^ 
97^ 114.5 
96.55+0.17 141.1 
97.00+0.30 144.9 
96.78+0.10 167.1 
98.43+0.21 51.2® 
98.57+0.23 51.3 
98.40+0.48 100.6 
98.34+0.32 110.6 
98^ 119.7 
98.38+0.05 170.7 
98.49+0.17 186.2 
98^ 195.4 
®Data from Si(Li) spectra (E 
same transition in Ge(Li) spectra 
Half-life(nsec) 
Value Sigma(%) 
Photons/10® fissions 
Value Sigma(%) 
815 (28) 
270 (50) 
380 (30) 
<4^ 
n <4^ 
[_340 (6) 
21 (20) 
23 (22) 
142 (11) 
123 (30) 
74 (30) 
107 (7) 
506 (12) 43 (9) 
520 (39) 38 (25) 
C176 (50) 10 (21) 1097 (33) 48 (12) 
758 (16) 45 (12) 
1370 (26) 126 (16) 
1053 (7) 190 (7) 
n 300 (39) 8 (33) 
|_1004 (22) 41 (8) 
<3^ - 190 (50) 
uncertainty = +0.1 keV); next line is data from 
Table 2. (Continued) 
Mass(amu) (keV) 
99 
100 
98.25+0.16 204.1 
98'^  344.3 
98"^ 433.5 
98.68+0.23 157.9 
98.97+0.10 161.5 
98.59+0.35 228.6 
100.18+0.22 53.2® 
100.10+0.25 53.6 
100° 84.6^ 
99.75+0.06 121.8 
99.78+0.05 130.2 
99.92+0.17 
100° 
100° 
143.1 
415.4 
426 .8 
Half-life(nsec) 
Value Sigma(%) 
Photons/10® fissions 
Value Sigma(%) 
>3000^ - 200 (30) 
266^ - 20 (50) 
730^ - 28 (50) 
596 (14) 47 (8) 
~ 20 (33) 14 (31) 
_109 (6) 92 (6) 
7.1 (8) 92 (9) 
15 (7) 138 (10) 
17 (20) 129 (15) 
17 (33) 580 (10) 
"22 (32) 149 (8) 
_427 (27) 409 (6) 
""<4^ - 90 (50) 
^70 (3) 305 (6) 
<3^ - 352 (30) 
10 (50) 110 (50) 
16 (24) 120 (17) 
Table 2. (Continued) 
Mass(amu) (keV) 
100^ 596.0 
100.02+0.25 614.3 
101 
100.74+0.15 91.6 
101.25+0.27 98.4 
101.36+0.35 106.1 
100.74+0.56 133.8 
101° 179.6 
100.81+0.19 212.4 
102 
102.06+0.48 151.8 
102° 68.6 
103 
103,28+0.07 163.9 
102.73+0.14 180.4 
103° 237.8 
Half-life(nsec) 
Value Sigma(%) 
Photons/10® fissions 
Value Sigma(%) 
4 
21.0 
(25) 
( 8 )  
230 
400 
(25) 
( 8 )  
r<4' 
U-8.5 
<4^ 
16 
20 
18 
17 
2 . 8  
G 
(7) 
(26) 
(37) 
(60) 
(10) 
(33) 
40 
180 
122 
64 
65 
39 
50 
224 
(30) 
( 6 )  
(30) 
(31) 
(15) 
(60) 
(15) 
(20) 
11 
<4' 
(50) 106 
560 
(20) 
(30) 
4.8 
86 
4 
(50) 
(10) 
(25) 
409 
72 
145 
(30) 
( 8 )  
(25) 
Table 2. (Continued) 
104 
105 
106 
Mass(amu) (keV) 
103.91+0.45 102.8 
104° 112.6 
104.23+0.49 141.2 
103.82+0.31 144.0 
104° 218.1 
104.21+0.12 251.1 
105.12+0.15 192.2 
105° 204.6 
105.79+0.47 42.7^ 
105.86+0.27 71.2^ 
106.55+0.23 35.1® 
105.65+0.56 85.5 
105.87+0.56 94.9 
106.23+0.18 171.6 
Half-life(nsec) 
Value Sigma(ft) 
Photons/10® fissions 
Value Sigma(%) 
<4^ - 600 (50) 
<4^ - 200 (50) 
109 (21) 160 (7) 
<4^ - 360 (30) 
8 (30) 31 (35) 
3 (50) 552 (30) 
<4^ (50) 810 (50) 
15.0 (8) 71 (9) 
318 (16) 23 (15) 
22 (15) 360 (6) 
25 (10) 604 (10) 
20 (20) 630 (9) 
<4^ - 320 (50) 
<2^ (50) 1260 (50) 
Table 2. (Continued) 
107 
108 
Mass(amu) (keV) 
107.15+0.18 35,4^ 
107.84+0.67 45.5^ 
107.32+0.24 65.3® 
107.12+0.03 65.7 
107^ 72.1 
107.48+0.21 81.8 
107.38+0.63 103.9 
107^ 196.8 
108.34+0.44 30.3^ 
107-99+0.33 58.0^ 
108.11+0.36 69.9 
108.10+0.50 86.5 
107.93+0.67 90.0® 
108.14+0.09 90.0 
Half-life(nsec) 
Value Sigma(%) 
Photons/10® fissions 
Value Sigma(%) 
166 (14) 21 (12) 
[6 (38) 316 (7) 194 (18) 56 (7) 
220 (24) 915 (6) 
239 (2) 875 (6) 
<8^ (50) 860 (50) 
<8^ (50) 350 (50) 
10 (38) 370 (20) 
200 (33) 30 (14) 
4000^ - 55 (35) 
95 (40) 176 (8) 
["12 (50) 109 (10) 235 (22) 101 (8) 
r"10 (33) 80 (60) 
[ill (32) 235 (10) 
C15 (36) 36 (10) 20 (30) 400 (6) 
C8 (40) 30 (50) 16 (7) 385 (6) 
Table 2. (Continued) 
Mass(amu) E^fkeV) 
109 
108.23+0.39 106.1 
107.95+0.23 116.0 
108.00+0.18 119.8 
108.11+0.05 153.9 
108.18+0.05 176.3 
108.27+0.20 249.4 
108° 597.8 
109.41+0.69 60.2^ 
109.38+0.15 96.0® 
109.24+0.02 96.3 
109.01+0.46 132.0 
108.63+0.34 225.9 
109° 240.8 
Half-life(nsec) 
Value Sigma(%) 
Photons/10^ fissions 
Value Sigma(%) 
P34 (31) 44 (15) 
[12 8 (9) 112 (7) 
14 (10) 109 (14) 
r 7.3 (12) 106 (16) 
|_126 (12) 58 (12) 
108 (25) 725 (6) 
|~ 7.7 (10) 65 (16) 
|j^ l4 (4) 278 (6) 
11.3 (8) 160 (8) 
4 (25) 298 (24) 
192 (42) 84 (15) 
490 (33) 1150 (5) 
547 (2) 1160 (6) 
<3^ - 340 (30) 
890 (26) 68 (9) 
<2^ - 390 (30) 
Table 2. (Continued) 
Mass(amu) E^(keV) 
110 
111 
112 
109.43+0.09 53.2® 
110.10+0.28 53.5 
109.58+0.36 98.2 
110.43+0.15 222.0 
111.27+0.30 58.4^ 
111.51+0.70 62.6® 
111.42+0.54 63.0 
111^ 10 3.9 
111.25+0.05 150.3 
111^ 238.9 
111^ 303.7 
112,21+0.62 60.2® 
111,59+0.04 60.4 
112° 74.2 
112.15+0.24 166.7 
112° 189.2 
Half-life(nsec) 
Value Sigma(%) 
Photons/10® fissions 
Value Sigma(%) 
40 
41 
<5^ 
7.2 
(3) 
(7) 
(5) 
278 
178 
575 
234 
( 6 )  
(20) 
(50) 
(7) 
21 
10 
13 
<4' 
<3' 
C"  
43 
46.5 
780^ 
2.4 
5.7 
(40) 
(23) 
(40) 
(10) 
(20 )  
(32) 
(9) 
(5) 
(20) 
(19) 
265 
306 
443 
900 
890 
98 
405 
39 
735 
836 
16 
275 
99 
( 8 )  
( 6 )  
(30) 
(30) 
(30) 
(10) 
(20 )  
(20 )  
(10) 
( 6 )  
(25) 
(14) 
(17) 
Table 2. (Continued) 
Mass (cimu) (keV) 
113 
113.45+0.24 85.1 
113^ 84.9® 
114 
115 
116 
118 
114^ 357.6 
114^ 373.8 
114.88+0.12 38./^ 
114.75+0.26 44.0^ 
115^ 48.6^ 
115^ 52.6® 
115° 53.2 
115° 126.0 
116° 90.8 
116° 128.3 
118° 155.5 
118° 174.1 
Half-life(nsec) 
Value Sigma(%) 
Photons/10® fissions 
Value Sigma(%) 
80 (15) 128 (10) 
55 (32) 160 (40) 
5^ - 95 (19) 
2.5b - 170 (19) 
14 (3) 165 (6) 
136 (11) 39 (9) 
10 (17) 173 (6) 
11 (40) 70 (40) 
8 (40) 73 (13) 
30 (15) 37 (10) 
7 (30) 33 (30) 
<4^ - 127 (30) 
7 (20) 34 (10) 
10 (40) 33 (20) 
Table 2, (Continued) 
Mas s ( amu ) E.^ ( keV ) 
119 
ligC 73.5 
122 
122° 156.6 
128 
128° 89.0 
129 
129° 120.8 
129° 137.8 
132 
131.96+0.27 85.1 
132° 91.2® 
131.98+0.07 91.0 
131.73+0.23 96.2 
132.07+0.07 163.0 
132° 173.4 
133 
132.94+0.19 103.2 
Half-life(nsec) 
Value Sigma(%) 
Photons/10® fissions 
Value Sigma(%) 
<7 90 (50) 
<4' 22 (30) 
60 (9) 31 ( 8 )  
12 
42 
(24) 
(13) 
22 
20 
(10) 
(10) 
11.4 
107 
103 
1794 
100 
560^ 
(13) 
(9) 
(5) 
(34) 
(4) 
94 
201 
150 
32 
176 
18 
(8 )  
( 8 )  
( 6 )  
(10) 
( 6 )  
(30) 
r~96 
[_750 
(19) 
(30) 
45 
32 
(12) 
(17) 
Table 2. (Continued) 
Mass (amu) (keV) 
134 
135 
136 
133.46+0.07 125.2 
133.39+0.34 1151.1 
133.72+0.70 59.9^ 
134.08+0.03 115.2 
133.95+0.17 182.4 
134.10+0.43 297.0 
134.30+0.18 387.1 
134.05+0.16 1279.6 
134.55+0.44 50.0^ 
135.25+0.16 288.3 
134.55+0.06 324.8 
I35C 1181.1 
135.75+0.26 260.6 
136.10+0.61 381.5 
Half-life(nsec) 
Value Sigma(%) 
Photons/10® fissions 
Value Sigma(%) 
107 (4) 173 (6) 
79 (15) 344 (9) 
98 (24) 115 (10) 
163 (2) 596 (5) 
16 (12) 106 (8) 
r~ 8.4 (20) 76 (27) 
[_167 (3) 1016 (5) 
90 (28) 84 (12) 
154 (13) 1010 (16) 
300 (19) 25 (15) 
2.8 (20) 548 (6) 
451 (6) 268 (7) 
582 (17) 286 (11) 
3.4 (17) 209 (7) 
>3000^ - 449 (30) 
Table 2. (Continued) 
137 
138 
139 
140 
Mass(amu) E^(keV) 
137.12+0.32 67.9 
137.23+0,42 117.7 
137.52+0.71 154.7 
136.86+0.06 197.3 
137.35+0.09 314.1 
137.39+0.18 400.0 
137.07+0.33 1313.0 
138° 70.2 
138° 1221.0 
138.99+0.37 68.8^ 
139.47+0.26 103.0 
139,98+0.41 50,7® 
140° 50.5 
140° 84.4 
Half-life(nsec) 
Value Sigma(%) 
Photons/10® fissions 
Value Sigma(%) 
997 (30) 40 (9) 
<4^ - 167 (30) 
<4^ - 280 (30) 
r" 43 (20) 24 (27) 
[2775 (6) 300 (5) 
8,1 (4) 344 (6) 
7.8 (15) 464 (10) 
3350 (14) 490 (9) 
<9® - 110 (30) 
5.1 (11) 530 (12) 
186 (18) 96 (14) 
10.8 (11) 93 (13) 
8 (8) 243 (10) 
<10^ - 350 (50) 
<8® (25) 250 (50) 
Table 2. (Continued) 
Mass (amu) E.^ (keV) 
142 
143 
144 
145 
139.53+0.46 105,8 
140^ 218.8 
142^ 48.5^ 
141,73+0.50 76.5^ 
142.02+0.21 89.9 
141,64+0.71 96.0® 
141.89+0.71 96,2 
142.91+0.86 68,8^ 
143.37+0.0 7 117,3 
144° 155.0 
143.94+0.27 199.2 
145.44+0.36 46.6^ 
145^ 48.2 
145^ 66.0 
145.53+0.70 81.9 
Half-life(nsec) 
Value Sigma(%) 
Photons/10® fissions 
Value Sigma(%) 
13.8 (7) 127 (8) 
<2^ - 190 (30) 
20 (36) 103 (20) 
10 (6) 496 (10) 
12 (10) 184 (8) 
14 (23) 382 (15) 
8 (38) 486 (20) 
22 (25) 114 (22) 
6 (30) 1340 (30) 
<2^ - 135 (30) 
<2^ - 346 (30) 
10.6 (10) 150 (17) 
84 (10). 324 (10) 
<8^ - 182 (50) 
10 (13) 296 (10) 
Table 2. (Continued) 
146 
147 
148 
Mass (amu) (keV) 
145.59+0.16 130.5 
145.63+0.35 158.7 
145.50+0.16 288.0 
145^ 340.8 
145° 364.2 
146.40+0.07 56.0^ 
146.37+0.06 167.5 
145.63+0.32 180.8 
146^ 250.4 
146.92+0.63 105.2 
147,33+0.43 158,7 
146.67+0.10 283.4 
148° 85.0 
148.38+0.08 103.0 
148.32+0.19 117.4 
148° 135.6 
148.27+0.19 142.2 
Half-life(nsec) 
Value Sigma(%) 
14.9 (6) 
14.3 (7) 
13.5 (6) 
7.9 (3) 
11.9 (11) 
58.5 (3} 
11 (10) 
<2^ 
5.0 (10) 
8 
<3^ 
6 . 0  
<8^ 
<4^ 
8 
3.5 
3.9 
Photons/10® fissions 
Value Sigma(%) 
276 (6) 
141 (6) 
187 (7) 
87 (9) 
156 (8) 
305 (7) 
689 (6) 
188 (30) 
114 (8) 
( 8 )  
(30) 
( 6 )  
( 2 0 )  
( 6 )  
(30) 
( 6 )  
( 6 )  
(16) 
(4) 
(25) 
(5) 
(5) 
150 
399 
682 
113 
328 
231 
293 
303 
Table 2. (Continued) 
Mass(amu) (keV) Half-life(nsec) 
Value Sigma(%) 
Photons/10® fissions 
Value Sigma(%) 
149 
150 
151 
152 
148.69+0.37 
148.60+0.30 
I49C 
149,08+0.17 
150.26+0.12 
149.59+0.22 
150.24+0.28 
151° 
150.85+0.71 
152.07+0.15 
54.7' 
58.0^ 
92.5 
103.0 
109.9 
130.7 
141.6 
87,1 
96.8 
191.7 
5.8 
|_22.9 
12 
165 
< 8 '  
20 
1293 
(11) 
(40) 
( 8 )  
(20 )  
(5) 
59.2 (3) 
165 (27) 
594 (18) 
(40) 
(10) 
183 
-148^ 
421 
50 
99 
36 
59 
35 
64 
177 
133 
(15) 
(20 )  
(7) 
(14) 
( 6 )  
(9) 
(9) 
(10) 
(50) 
( 6 )  
(9)  
^The negative intensity value indicates a parent growth into the activity of 
this transition. 
Table 2. (Continued) 
154 
155 
Mass(amu) (keV) 
154° 71.6® 
154° 71.3 
154.32+0.21 141.9 
154° 162.6 
154° 169.9 
155° 174.0 
158 
157.74+0.27 167.7 
161 
161° 167.8 
Half-life(nsec) 
Value Sigma(%) 
Photons/10® fissions 
Value Sigma(%) 
632 (36) 30 (30) 
849 (14) 44 (8) 
1507 (23) 42 (11) 
1300 (41) 31 (14) 
1003 (37) 30 (9) 
160 (25) 33 (9) 
164 (15) 18 (9) 
1500^ - 16 (20) 
Table 3. Si(Li) gamma rays not observable in Ge(Li) 
Mass(amu) (keV) Half-life(nsec) Photons/10® fissions 
Light Heavy Sigma Y Value Sigma(%) Value Sigma(%) 
90.32 157.96 +0.15 28.6 22 (6) 20.8 (6) 
94.63 153.65 +0.12 22.3 930 (6) 23.4 (7) 
94.63 153.65 +0.66 29.6 1470 (12) 41.4 (6) 
98.69 149.59 +0.24 27.7 205 (8) 20.5 (9) 
99.74 148.54 +0.70 10.8 680 (6) 6.7 (8) 
100.65 147.63 +0.73 11.2 11 (20) 20.0 (23) 
101.64 146.64 +0.69 26.9 60 (21) 21.5 (10) 
101.70 146.58 +0.15 34.3® 343 (17) 36.5 (9) 
102.34 145.94 +0.30 13.5 271 (10) 10.9 (10) 
102.57 145.71 +0.64 39.2^ 4 (25) 200.0 (38) 
102.63 145.65 +0.65 61.8 12 (10) 131.0 (12) 
103.80 144.48. +0.07 16.2* >3000^ - 73.0 (50) 
103.64 144.64 + 0.28 28.9 75 (13) 36.8 (9) 
105.14 143.14 +0.71 62.6 4 (40) 140.0 (30) 
105.00 143.00 +2° 65.5 0.6 (22) 393.0 (12) 
uncertainty is sigma-0.3 keV due to interference by K x rays. 
^The half-life was too long for an accurate determination and was therefore held 
fixed at 3 y sec: in the computer fit. 
^The mass centroid could not be accurately determined by the computer fit. 
Table 3. (Continued) 
Mass(amu) E (keV) Half-life(nsec) Photons/10® fissions 
Light Heavy Sigma ' Value Sigma(%) Value Sigma(%) 
105.63 142,65 ±0.21 74.8 10 (22) 403.0 (8) 
107.00 141.28 +0.12 25.4 10.5 (10) 84.0 (10) 
108.01 140.27 +0.06 13.9 521 (2) 31.6 (6) 
108.28 140.00 +0.45 26.3 7 (20) 69.0 (15) 
108.94 139.34 +0.96 42.8 17 (20) 32.0 (30) 
109.95 138.33 +0.26 29.4* 16 (20) 76.8 (12) 
113.42 134.86 +0.60 17.2* 55 (11) 21.5 (21) 
115.00 133.00 +2^ 34.8 64 (50) 8.0 (50) 
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(Sigma expressed in %) was obtained by quadratically adding a 
5% absolute detection efficiency uncertainty to the standard 
deviation estimate resulting from the computer analysis. 
The K X ray intensities were determined in the following 
manner. The complex pulse-height spectra were submitted to a 
least-squares computer program which resolved the spectra 
into individual contributions from elemental K x ray groups. 
The K X ray components (a^, a^, gj, 6^) for each element 
were represented by the same skewed function used by PEAKFIND 
and the known relative intensities and energies (25) were 
kept fixed in the fitting procedure. The shape parameters 
of the fitting function were determined as (linear) functions 
of the X ray energy using four low-energy gamma-ray standards; 
the 14.4-keV transition in the decay of ®'Co, the 26.3- and 
59.5-keV transitions in ^Am decay and the 39.6-keV transition 
in decay. 
The presence of gamma-ray interferences with K x ray 
intensities in some regions was revealed by poor values of 
the resulting statistical goodness of fit and observation of 
the graphical results of the fits in those regions. In these 
cases the fitting procedure was repeated with the gamma rays 
taken into account. A typical case of an interferring gamma 
ray, at 30.3 keV, is illustrated in Fig. 8 where the heavy 
fragment K x rays are presented for four consecutive mass 
bins in the 999-3000 nsec region. The final fitted curve is 
Fig. 8. Resulting computer fits of K x ray intensities and 
interferring 30.3-keV gamma-ray intensity in Si(Li) 
spectra of four consecutive mass bins. The time 
range in ea.ch spectrum is 999-3000 nsec. The fitted 
curve is shown and the corresponding peak for 
each elemental number (Z) is labeled. The resulting 
30.3-keV gamma-ray intensity is also labeled. 
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shown as well as the resulting (=K +K ) component for each Oc Ok 1 Ot 2 
atomic number (labeled for each case) and the 30.3-keV gamma-
ray component. In this case, the gamma-ray intensity was 
great enough to be observable in the Ge(Li) spectra and it 
was thus determined to be associated with a light fragment at 
108 amu. The gamma rays resulting from this procedure were 
further analyzed in the manner described above for Si(Li) and 
Ge(Li) gamma rays. 
The K X ray intensities and associated errors were 
analyzed in a manner quite similar to the gamma-ray analysis. 
Step 2 of the gamma-ray analysis was not needed for the K 
X rays since the x ray peak energies are well known. The 
table of adjacent time bin intensities vs. half-life from the 
Si(Li) gamma-ray analysis was used to obtain half-life 
estimates as functions of time bin intensity ratios. Analysis 
of the K x rays proved to be more difficult than the gamma 
rays since nearly every x ray distribution had several 
components of comparable intensities with mass centroids 
separated usually by one or two mass numbers. Previous work 
dealing with K x rays coincident with gamma rays (10, 11, 21, 
54, 55, 36) or conversion electrons (3,4) was compared with 
the results of the present gamma-ray analysis to help generate 
initial estimates for mass centroids and half-lives of the 
various K x ray components. Use was also made of the present 
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f-f-y-x data, the analysis of which is described below. After 
the generation of initial estimates for the number of compo­
nents with their associated mass centroids and half-lives, 
the K X ray intensities vs. mass and time bins were fit in 
the same manner, and with the same functional form, as the 
gamma-ray intensities. 
The f-f-y-x events were sorted into an intensity matrix 
of Si(Li) energy bins of 0.4 keV width and Ge(Li) energy bins 
of 1.5 keV width, summed over the whole time region. The 
resulting 2-dimensional matrix was then searched for possible 
coincidences between gamma rays and K x rays. The results 
of this analysis are presented in Table 4. Due to the 
experimental geometry, a gamma ray could be detected in 
coincidence with a K x ray from either the same fragment (due 
to internal conversion of cascading transitions) or the 
complementary fragment: 'T'hus,- v.'hen 2 coincidence was estab­
lished, the mass (and thus heavy or light assignment) of that 
gamma ray was obtained from Table 2. A qualitative con­
fidence level of A or B has been assigned to each coincidence. 
To have a confidence level of A, the coincidence must have 
been well established (i.e., seen strongly above any back­
ground) for either the same or complementary fragment K x ray. 
Cases with a confidence level of B are as likely to be 
statistical accidents as real coincidences. When a gamma ray 
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was observed in coincidence with both complementary K x rays, 
both atomic numbers are listed with the assigned one 
underlined. 
Table 4. Elemental identification from f-f-y-x analysis 
Mass Ey Atomic Confidence 
(amu) (keV) Number Level 
93 142 37 A 
97 50 38,60 A 
98 51 39,59 B 
100 122 40,58 A 
107 66 42 B 
108 58 43 B 
108 70 43/55 A 
108 86 43» 55 B 
108 90 43,55 A 
108 120 43 A 
108 154 43,55 A 
108 176 43 B 
109 96 44,54 A 
110 53 43 B 
115 49 46 A 
115 126 46 B 
134 115 52 A 
134 297 52 A 
135 325 52,46 B 
140 50 55 A 
149 92 ^,39 B 
151 97 59 B 
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A total of 226 gairana rays, some with multiple decay 
times/ were analyzed in the present work, 203 of which are 
presented in Table 2 and the remaining 23 in Table 3. John 
et al. (20) observed 144 isomeric gamma rays, 127 of which 
were seen in the present work. Thus this work presents 99 
new isomeric gamma rays, the bulk of which lie below an 
energy of 90 keV. 
Where there is overlap between the results of the 
present work and that of John et al. (20) , there is general 
agreement. However, there are systematic differences for 
the observed mass centroids in the very light mass region 
where the mass calibration of present work appears to be 
~2 amu higher than the previous work (20). Assignments to 
specific nuclei are made later by either comparison to known 
transitions (37-41) or correction for systematic errors in 
the experimental mass scale (10,11). 
There is also disagreement between the two works for 
the observed photon intensities below 100 keV. For well-
isolated gamma rays seen in this work, the discrepancy is 
as large as a factor of 2, with the larger values being 
1 M A TW*£ke!^v\4" nfln A T.? a a — 
' — —— — - - -W- — — m - in u- 4°Vi # ^ X .A. VT W ^ ^  W A A 
ment in this work between the observed intensities of low-
energy gamma rays detected in both Si(Li) and Ge(Li) 
detectors (whose detection efficiencies had been obtained 
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independently). However, to further verify the efficiency 
calibration, the shape of the relative detection efficiency 
curve for the Ge(Li) detector was investigated in the low-
energy region, using sources of and ^^*Cf, positioned 
to approximate the experimental geometry of Fig. 1. The 
relative gamma ray intensities of the source activities are 
well-known (42). No disagreement was found with the 
earlier efficiency calibration. 
The present intensity values below 100 keV are believed 
to be more accurate than the previously reported values 
(20) because (1) there was consistency between values 
obtained from two independently calibrated detectors, (2) 
additional calibration tests were consistent with the 
current efficiency values, (3) only very intense low-energy 
gamma rays could be analyzed in the previous work because 
of electronic timing difficulties (20) which were not 
present in this work, and (4) convolution life-time analysis 
was used in the present work to properly account for the 
system time response which severely effects the results in 
the low-energy, short-half-life region. 
B. Delayed Gamma-Gamma Coincidences 
Gamma-ray cascades in the de-excitation of isomeric 
levels were studied with a fission detector-Ge(Li)-Ge(Li) 
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arrangement. In some cases the results of this study provided 
unambiguous assignment of transitions whose energies or 
associated masses could not be accurately determined in the 
singles spectra due to interference by other transitions of 
nearly equal energy or associated mass. 
1. Apparatus and data collection 
The geometrical arrangement of source and detectors is 
shown in Fig. 9. The geometry was selected to provide as 
great a total coincidence efficiency as possible. Ge(Li) 
Detector 1 was the same one previously described. Ge(Li) 
Detector 2 was a coaxially drifted detector with an active 
volume of ~17 cm^ and a cooled FET first stage preamplifier. 
Its resolution varied from 2.7 keV (FWHM) at 122 keV to 3.8 
keV at 1332 keV. 
Several fragment detectors were used in the course of 
the experiment, all of which were Au-Si surface barrier 
detectors similar to those used in the first experiment. 
Each fragment detector was operated at room temperature and 
was replaced when its leakage current exceeded 40 pA. As the 
leakage current increased, the applied bias voltage was 
manually adjusted in order to maintain an effective bias of 
50 volts across the detector. 
The zs^cf source was the same one described previously. 
It was placed approximately 1 mm from the fragment detector 
Fig. 9. Schematic representation of the 
geometry used in the four-parameter 
experiment. Ge(Li) Detectors 1 and 
2 measured gamma ray energies. The 
Fragment Detector, of the Si-Au 
surface-barrier type, detected 
fission fragments emitted by a 
source. 
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at atmospheric pressure. Energy degradation of the fission 
fragments was of little concern since timing information only 
was required from the fragment detector. Three values (90°, 
135°, 180°) were used for the angle between the axes of the 
two Ge(Li) detectors (angle 0 in Fig. 9). 
A block diagram of the electronics is illustrated in 
Fig. 10. The signal from the fission fragment (FF) detector 
was inspected by a standard leading edge TPO with the LLD 
set just above the ^®^Cf a-particle pulse height. The TPO 
output was used as the start signal for the f-y TAC and v/as 
also fed to a PUR which inspected the signal (in the 20-10000 
nsec time range) for pile-up between two fission events. 
The signal from Ge(Li) Detector 1 was first processed 
by a PA. One of two PA outputs was further amplified by an 
AMP, and the AMP output was inspected by a PSD for proper 
pulse shape and digitized by ADC 1. The other Ge(Li) PA 
output was sent to a TPO whose output served as both the 
stop signal for the f-y TAC and the start signal for y~Y 
TAC. The f-y TAC thus measured the time difference between 
the occurrence of a fission event and the detection of a gamma 
ray by Ge(Li) Detector 1. The output of the f-y TAG was then 
digitized by ADC 4. 
The amplified signal from Ge(Li) Detector 2, was analyzed 
by ADC 2 after inspection by a PSD, Another PA output from 
this detector was processed by a TPO and delayed 50 nsec to 
Fig. 10. Block diagram of electronics for the four-parameter 
experiment. Explanation of terms: 
ADC - analog-to-digital converter 
AMP - shaping amplifier 
FF - fission fragment detector 
PA - preamplifier 
PSD - pulse-shape discriminator 
PUR - pile-up rejector 
SCA - single-channel analyzer 
SLOW COINC - slow coincidence circuit 
TAC - time-to-amplitude converter 
TPO - time pick off 
Ge(L i )  
1 
PA  AMP 
iîTART 
STOP 21 TAC 
Ge(L i )  
2 
AMP 
X PSD\ 
ADC I 
1 
SCAIVET^. 
'VETO SLOW 
COINC 
PSD 
X 
ADC 4 
11 
BUFFER 
STORAGE 
ADC 3 
A 
ADC 2 
vo 
MAGNETIC 
TAPE 
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provide a stop signal for the y-y TAC. The Y"Y TAC thus 
measured the time difference (with a resolution of 30 nsec) 
between detection of a gamma ray by Ge(Li) Detector 1 and 
detection of a cascade gamma ray by Ge(Li) Detector 2. The 
linear output signal of the y-y TAC was digitized by ADC 3. 
Amplitude-risetime-compensation was used in the Ge(Li) TPO 
units. 
A SLOW COINC with three coincidence inputs and two anti­
coincidence (VETO) inputs enabled the four ADC's. Outputs 
from both Ge(Li) PSD's, indicating a pulse in each Ge(Li) 
with the proper pulse shape, served as two of the coincidence 
inputs and the third coincidence input was a logic signal 
from the Y~Y TAC. A slow logic output from PUR, indicating 
pile-up in the fragment detector, served as one VETO input 
to SLOW COINC. The other VETO input was furnished by a SCA 
set on the prompt peak of the f-y TAC. The latter anti­
coincidence signal served to eliminate electronically the 
prompt fission gamma rays. 
Whenever an event satisfied the above logic restrictions, 
the four ADC outputs were stored in a BUFFER STORAGE unit for 
later transfer to MAGNETIC TAPE. The four parameters recorded 
for each event were then (1) the energy of the gamma ray in 
Ge(Li) Detector 1, (2) the energy of the gamma ray in Ge(Li) 
Detector 2, (3) the Y~Y time difference, and (4) the f-y 
time difference. 
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Approximately 2.5 x 10® useful events were recorded, 
divided roughly equally among the three relative angular 
positions of the Ge(Li) detectors. The ranges of ADC's 1 
and 2 (the gamma ray energy channels) were 2048 channels in 
each, at a gain of 0.75 keV per channel. The ranges of 
ADC's 3 and 4 were 1024 channels each at calibrations of 0.1 
nsec and 3.8 nsec per channel, respectively. Calibration 
settings of the ADC's were checked at 12-hour intervals. 
During the course of the experiment the following typical 
count rates were noted; 1.2 x 10® fissions per minute, 
3.4 X 10*^ gammas per minute in each Ge(Li) detector, and 226 
coincidence events per minute. 
2 .  Data analysis and results 
The analysis of the fission-gamma-gamma coincidence 
(f-y-y) data was guided by the results of the six-parameter 
experiment of Section 11.A. Since the 2^ -*• 0^ transitions in 
the rare earth region are too close in mass and energy to 
be resolved in the six-parameter experiment, the results 
reported by Wilhemy et (11) were used in the 
interpretation for that region. The bulk of that data was 
computer-sorted into a correlation matrix of dimensions 
6 X 400 X 400. The f-y time range was divided into six bins 
corresponding to time boundaries at 12, 28, 47, 97, 298, 999 
and 3000 nsec. The gamma-ray energies were each divided 
into 400 bins of 1.5 keV per bin in the range 0-600 keV. 
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The resulting matrix could then be searched for f-y-y 
peaks in the various time bins in the following manner. A 
computer program was written to examine the delayed gamma 
rays for possible coincidence and summing relationships using 
the gamma-ray energies, mass centroids, half-lives and 
intensities (with respective standard deviation estimates) 
from the 6-parameter experiment, and the two Ge(Li) detector 
efficiencies as input parameters. Each low-energy gamma ray 
from the f-f-x results (cf. Table 3) was assigned both a 
light and a heavy mass, reflecting the ambiguity in mass 
assignment. The gamma rays were examined in order of 
increasing energy and a table was prepared for each gamma ray 
which listed all other gamma rays of similar mass and half-
life, and which predicted coincidence intensities in each time 
bin of the correlation matrix, based on the individual line 
intensities and the Ge(Li) detector efficiencies. Two gamma 
rays were considered to have comparable masses if there was 
an overlap of their mass assignments determined to within 1.5 
standard deviations for each. The same overlap criterion was 
used to match half-lives of the gamma rays. The correlation 
matrix was then searched for possible coincidences in view of 
the predictions of the "similarity table". 
For gamma rays emitted less than 50 nsec after fission, 
the similarity table also displays for each gating transition 
a list of gamma rays of the complementary mass which could 
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appear to be coincident due to accidental detection of non-
cascading gamma rays of short half-life, one from each 
fragment. A mass was considered to be complementary to mass 
"M" if it lay within 2 amu of "248-M". Such events, if 
found, were used to negate otherwise apparent cascade events. 
The list of gamma rays of mass and half-life similar to 
the gating transition was searched for possible 2- or 3- member 
energy sums to the energy of the gating transition. 
An apparent coincidence was ruled valid under the 
following conditions: 
1) It was found in the correlation matrix with expected 
intensity as predicted from the similarity table. 
2) It was not invalidated by the complementary mass 
list. 
3) It was not involved in a crossover relation. 
The results of the f-y-y analysis were combined with the 
f-f-y, f-f-x and f-f-y-x results and are presented in Table 5. 
Only those gamma rays which could be assigned to elements of 
a given mass are included in this table. The elemental 
identification was determined from this and previous work. 
The mass assignments were based on local adjustments of the 
mass centroids (determined from the f-f-y computer fits) to 
known masses of ground-state band transitions in even-even 
fission fragments (10,11). Table ô presents the results of 
Ref. 10 and 11 for these transitions and the results of the 
Table 5. Assignment of gamma rays to specific nuclei 
Nucleus 
8 7 
3 5 5 2 
Br 
(keV) 
110.8 
158.9 
^'l/2 
(nsec) 
2600 
4100 
Assignment 
of 
B,21 
B,21 
Observed 
Coincidences 
158.9 (?) 
110.8(?) 
Remarks 
AA=+1 
e 9 Kr s 6 S3 2 8 . 6  22 B AA=+1 
142 
142 
191.4 
57 
57 
113 
A,B,31 
A,B,31 
31 
142 
142 
3 6 Oy. 
3 8 5 8 204.0 
352.0 
24 
22 
A,B,10 
A,B,10 
352.0 
352.0 
2+^4+(?) (10) 
4+^^+(?) (10) 
141.1 
144.9 
380 
<4 
B 
C 
167.1 
167.1(?) 
2=37(21) 
Letters refer to present work; A, direct f-f-y-x coincidence; B, similar 
half-life and mass of gamma ray and K x ray; C, f-y-Y coincidence with a previously 
assigned gamma ray. Arabic numerals indicate reference number of other work in 
which Z assignment was made. 
Table 5. (Continued) 
E T Assignment Y 1/2 
Nucleus (keV) (nsec) of 
167.1 
<4 
340 
9 8y 
3 9 5 9 
51.2 510 A,B,C 
100.6 
176 
1097 
B,21 
B,21 
110.6 758 B,C,21 
114.5 
119.7 
270 
1370 
C 
B,C,21 
Observed 
Coincidences Remarks 
144.9 (?) 
141.1 
110.6 (?),114.5, 
119.7,170.7 (?) 
114.5(?) 
110.6,119.7 (?), 
130,157.9 (?) , 
186.2 (?),204.1(?) 
51.2 (?),100.6, 
119.7 (?) ,130, 
157.9(?),186.2(?) 
51.2,100.6 (?) 
51.2,110.6 (?), 
204.1 
2=37(21) 
Table 5. (Continued) 
"^1/2 Assignment 
Nucleus (keV) (nsec) of 
130 - C,21 
157.9 596 B,C,21 
170.7 1053 B,C,21 
130.2 
300 B 
1004 B,C,21 
186.2 
204.1 3000 B,C,21 
9*Zr 53.2 15 35 
I t  0  5  9  
68.6 11 C 
122.0 427 A,B,21,35 
<4 
370 B,C,21,35 
143.1 <3 3:' 
614.3 21 36 
Observed 
Coincidences Remarks 
10 0.6,110.6, Not resolved in 
114.5 (?),157.9 (?) f-f-y spectra 
100.6 (?),110.6 (?) 
51.2 (?),204.1 (?) 
00 (T> 
100.6 (?) ,110.6 (?) 
119.7(?) ,170.7 (?) 
143.1(?) 
614.3 
130.2 
122.0 
53.2 (?) 
6 8 . 6  
Table 5. (Continued) 
E T , Assignment 
Y 1/2 a 
Nucleus (keV) (nsec) of Z 
212.4 3 4,10,36 
4 0 6 0 
loigr <4 
91.5 
18 
<4 
98.4 4,35,37 
16 
106.1 20 C 
133.8 18 35 
151.8 <4 4,10,35 
4 0 6 2 
loszr 180.4 86 36 
4  0  6  3  
34.3 343 B 
4 1 6 1 
Observed 
Coincidences Remarks 
91.6 (?),106.1(?) 
98.4,106.1(7), 
212.4(?) 
91.6,106.1 
91.6 (?) ,98.4, 
212.4 (?) 
2+^0+(10) 
AA=+0,-1; 
2=41(35) 
AA=+0,-1 
AA=+0,-1 
AA=+0,-1 
2+^0+(10) 
Table 5. (Continued) 
^1/2 Assignment 
Nucleus (keV) (nsec) of 
1  0  7  Tc 6 
4  3  G  4  
10^Mo 102.8 <4 C,35 
4 2 6 1 
144.0 <4 C,35 
251.1 3 C,35 
192.2 <3 4,10,34,36 
4 2 6 2 
i°®Mo 94.9 <4 4,34,35 
4  2  6  4  
171.6 <2 4,10,35 
lo^Mo 65.5 240 35 
4  2  6  5  
^°®Tc 71.2 22 35 
4  3  6  2  
85.3 23 35 
45.5 35 
194 
81.8 <8 35 
Observed 
Coincidences Remarks 
144.0,251.1 
102 .8 
102.8 
171.6 (?) 
94.9 (?) 
81.8(?),103.9 
45.5 (?),103.9 
2+^4+(10) 
E2(4) 
2++0^Xl0) 
AA=-0,+l 
AA=-0,+1; 
Z=42 or 43(35) 
Table 5. (Continued) 
"^1/2 Assignment 
Nucleus (keV) (nsec) of Z a 
103.9 10 35 
^°®Tc 30.3 >3000 B 
4  3  6  5  
58.0 95 A,C,35 
12 
69.9 A,C,4,34,35 
235 
10 
86.5 A,C,35 
117 
90.0 
8 
116 
A,C,35 
Observed 
Coincidences Remarks 
45.5,81.8 
AA=+1 
86.5(?) ,90.0, 
106.1(?),153.9 (?) , 
176.3 
106.1,153.9 
90.0,249.4 (?), 
58.0 (?) ,90.0, 
153.9 
86.5 
58.0,86.5, 
153.9 
Table 5. (Continued) 
"^1/2 Assignment 
Nucleus (keV) (nsec) of 
34 
106.1 C,35 
128 
116.0 14 0,35 
7 
119.8 A,35 
126 
153.9 108 A,C,35 
8 
176.3 A,0,35 
114 
249.4 11 0,35 
Observed 
Coincidences Remarks 
69.9 (?),249.4(?) 
58.0 (?) ,69.9, 
153.9 
119.8(?) 
116.0 (?) 
58.0,69.9, 
86.5,90.0, 
106.1,176.3 
249.4 (?) 
58.0,153.9 
86.5(?) ,106.1(?), 
176.3 (?) 
Table 5. (Continued) 
E T,/^ Assignment 
Y 1/2 a 
Nucleus (keV) (nsec) of Z 
10 9RU 60.2 192 B,C 
4  4  6  5  
96.2 547 A,B,35 
98.2 <5 37 
132.0 <3 C 
^^°Ru 240.8 <2 4,10,34,35 
4  4  6  6  
iiiRu. 58.4 21 C,35 
4  4  6  7  
62.6 10 B,35,37 
103.9 <4 C,4,35,37 
150.3 <3 C,35,37 
166.7 2.4 C,35,37 
357.6 5 37 
Observed 
Coincidences Remarks 
96.2 (?) 
6 0 . 2  ( ? )  
132.9 (?) 
98.2 (?) AA=-0,+l 
2+^0+(10); 
E2(4) 
103.9,150.3(?) 
103.9,150.3 (?) 
58.4,62.6,150.3 
58.4 (?),62.6 (?), 
103.9,166.7 (?) 
150.3 (?) 
Z=44 or 45(35) 
A=lll(37) 
Table 5. (Continued) 
Nucleus 
Rh 1 0  9  
4  5  6  4  
iiiRh 
4  5  6  6  
(keV) 
531.2 
60 .3 
91.1 
96 .2 
163 .0 
S/2 
(nsec) 
40 
45 
105 
1794 
100 
Assignment 
of 
35 
B,35 
B,35 
B 
B,35 
1 3  4  Sb 
5  1  8  3  
1 
5  2  8  2  
125 .2 
115.2 
297.0 
1279.S 
107 
163 
8 
167 
154 
35 
A,B,C,11,20,21 
A,B,C,11,20,21 
B,C,llf20,21 
1 3  5  Te 
5  2  8  3  
50.0 
324.8 
300 
451 
B,C 
A,B,36 
Observed 
Coincidences Remarks 
AA=-0 f+1 
163.0 
91.1 
297.0,1279.6 6+^4+(ll) 
4+^^+(ll) 
115.2,1279.6 
115.2,297.0 2+^4+(ll) 
324.8(?) 
50.0 (?) ,1181.1(21) 
Table 5. (Continued) 
E T , Assignment 
Y  1 / 2  ^  
Nucleus (ke^O (nsec) of Z 
1 3  4  
1181.1 582 B 
I 59.9 98 4,35 53 8 1 
1821.4 16 C,35 
13*1 260.6 3.4 36 
53 8 3 
288.3 2.8 36 
i:?! 117.7 <4 35 
5 3  8  4  
154.7 <4 35 
i3*Xe 197.3 2775 B,21,38 
s 4 8 2 
381.5 3000 B,21,38 
1313.0 3350 B,21,38 
314.1 8.1 36,39 54 S3 
400.0 7.8 36,39 
1221.0 5.1 39 
Observed 
Coincidences Remarks 
324.8(21) 
182.4 AA=+0,-l 
59.9 AA=+0,-l 
AA=+1 
381.5,1313.9 (?) 6++4+(39) 
197.3 4++4+(39) 
197.3(?) 2++0+(39) 
400.0 
314.1 
Table 5. (Continued) 
E T / Assignment 
Y 1/2 ^ a 
Nucleus (keV) (nsec) of Z 
68.8 186 35 55 8 4 
i4°Cs 13.9 521 40 
5  5  8  5  
50.7 8 A,35,40 
84.4 <8 G,35,40 
103.0 11 35,40 
i4ics 68.8 22 35,41 
5  5  8  G  
76.5 10 4,35 
89.9 12 35,41 
96.1 10 35 
105.8 14 35,41 
i^iRa 48.5 20 35,41 
5  6  8  5  
^"^Ba 117.3 6 B,35 
5 6 8 7 
Observed 
Coincidences Remarks 
AA=-0,+l 
84.4 (?) 
50.7 (?) 
AA=+1 
AA=+1 
AA=-0,+l 
AA=+1 
Table 5. (Continued) 
^1/2 
Nucleus (keV) (nsec) 
199.2 <2 
5  6  8  B  
180.8 <2 
5  6  9  0  
46.(5 11 
5 7  8  8  
6 6 . 0  < 8  
81.9 10 
130.5 15 
158.7 14 
26.9 60 
5 7  8  9  
56.0 58 
167.5 11 
Assignment 
of 
4,11,34,35,36 
4,11 
35 
4,35 
34,35 
4,35 
34,35 
B 
B,35 
35 
Observed 
Coincidences Remarks 
158.7(?) 
130.5 
81.9,158.7 (?) 
66.0 (?),130.5(?) 
2+^^+(11) ; 
E2 (4) 
2+^4+(ll) 
AA=+1; 
E2 (4) 
Table 5. (Continued) 
^1/2 
Nucleus (keV) (nsec) 
i^^Ce 117 8 
5  8  8  9  
283.4 6 
158.7 <3 
5  8  9  0  
I49ce 135.6 3.5 
5  8  9  1  
142.2 3.9 
is°Ce 96.8 20 
5  8  9  2  
I49pr 27.7 205 
5  9  9  0  
54. 7 6 
58.0 23 
103.0 165 
130.7 165 
Assignment 
of 
35 
36 
4,11,34,35 
35 
35 
A,11 
B 
35 
35 
B,35 
B,35 
Observed 
Coincidences Remarks 
283.4 
117 
2+^^+(ll) 
E2 (4) 
AA=+1 
Z=59(4) 
2+^4+(ll) 
A=+0,-1 
A=+0,-1 
A=+0,-l; 
6-nsec precursor 
A=+0,-1 
A=+0,-1 
Table 5. (Continued) 
N T./, 
Nucleus (keV) (nsec) 
is^Nd 
6  0  9  4  
162.6 1300 
15 6 Sm 
6  2  9  4  
174.0 160 
isGgm 167.7 164 
6 2 9 6 
Assignment 
of 
Observed 
Coincidences Remarks 
B,ll,36 
B,ll,36 
B,ll 
4+^^+(ll) 
4+^2+(ll) 
4+^2+(ll) 
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present analysis for cases in which a transition was also 
observed in this work. In general, the gamma-ray mass 
centroids determined by the double-kinetic-energy method do 
not correspond to integral values and mass centroids of 
neighboring even-even isotopes or isotones differ by less 
than 2 amu. This effect is attributed by Wilhemy et a^. (11) 
to the use of average neutron multiplicity values v(A) for a 
given mass A in the calculation scheme. Presumably v(A) is 
also a function of the atomic number (Z) as well, and use of 
the average value yields values of the mass centroid that 
are too close to the line of most probable atomic number for 
a given mass. Another possible contribution to the observed 
mass calibration anomaly is the Z dependence of the pulse 
height defect in heavy-ion detectors. The Schmitt calibration 
procedure (28) for these detectors assumes the pulse height 
defect to be a linear function of the mass (M) of the 
detected particle, i.e., the pulse height response of the 
detector (P) is not a linear function of the energy (E) of 
the detected particle but is related to the energy by 
E = (a +a •M)*P+(a +a «M) 
1 2  3  4  
where a^ (i=l-4) is a "Schmitt calibration parameter" (28) for 
that detector. Recent studies (43) have shown the pulse 
height defect (P - const'E) to be properly related, however, 
to Z of the detected particle, increasing in a linear fashion 
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with Z. First the reported mass centroid values of Ref. 10 
and 11 were used to locally adjust the values of those cases 
found in the present work. 
Based on these empirical facts, mass centroid values for 
transitions not reported in Ref. 10 and 11 were adjusted to 
give assigned masses. Transitions with poorly defined mass 
centroids were assigned the uncertainties indicated in 
Table 5. 
Table 6. Ground-state bands in even-even fission fragments 
Energies^ Mass Centroid 
Nucleus 2^->-0^ 4^+2^ Previous^ Present 
®®Sr_ 204.1 352.2 ? ? 96.00 96.13 
3 8 = 8 
i°°Zr 212.7 352.1 497.9 ? 100.53 100.81 
4  0  6  0  
i°!Zr 151.9 326.6 486.0 587 101.85 102.06 
296.0 ? ? ? 103.04 4 2 GO 
192.3 368.7 520.0 ? 104.67 105.12 
4 2 6 2 
171.7 350.8 511.8 ? 106.04 106.23 
4 2 6 4 
- •-Ru 242.3 423.0 ? ? 108.99 
4  4  6  4  
11*RU, 240.8 423.1 576.1 708 110.15 109.00 If If 6 6 
236.8 408.9 ? ? 111.85 
4  4  6  8  
^Results taken from Ref, 10 and 11. 
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Table 6. (Continued) 
Energies Mass Centroid 
Nucleus 2^->-0^ 4^->2^ 8^->-6^ Previous^ Present 
iizpd 
tf 6 6 6 
llGpd 
4 6  7 0  
1  3  2  Te 
5  2  8  0  
1  3  4  Te 
5  2  8  2  
1  3  8  Xe 
5  4  8  4  
1  4  0  Xe 
5  4  8  6  
14 0 Ba 
5  6  8  4  
i^^Ba 
5  6  8  6  
5  6  8  8  
1  4  6 t ^ _  oa 
5  6  9  0  
1 4  4  Ce 
5  8  8  6  
Ce 
5  8  8  1  
14 6 
14 8-
5  8  9  0  
- - " Ce 
5  8  9  2  
is^Nd 
6  0  9  2  
6  0  9  4  
348.8 
332.9 
340.6 
T O I  /\ J.OX . u 
520.7 649.4 
538.0 ? 
974.0 990.0 ? 
1278.0 297.0 115.0 
589.5 483.4 ? 
376.8 457.9 ? 
6 0 2 . 2  ?  ?  
359.7 
199.4 
475.7 632.0 
331.0 431.7 
397.5 ? ? 
258.6 430.1 482.3 
158.7 295.7 386.5 
97.1 209.0 300.7 
75.9 164.7 247.3 
72.8 162.4 248.7 
? 
9 
510 
J / D . %  
322.1 
328.1 
112.90 
114.36 
115.25 
133.99 
138.28 
139.23 
142.02 
143.58 
1 A A r> O 
•uu 
146.40 
147.80 
148.84 
152.6 
153.5 
134.09 
143.94 
147.33 
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Table 6. (Continued) 
Energies Mass Centroid 
Nucleus 8*^^* Previous^ Present 
76.0 174.2 267.8 ? 155.8 
6  2  9  4  
72.8 167.5 258.2 346.0 157.2 157.74 
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III. DISCUSSION 
The region of light-mass fission-fragment nuclei from 
^®^Cf (sf) is shown in Fig. 11. The heavy mass fission 
fragments are similarly presented in Fig. 12. Nuclei which 
are stable with respect to beta decay are represented by 
heavy squares, and the mass number A(=Z+N) of each nucleus 
is given inside the appropriate square. The charge division 
data of Ref. 7 for fragments before prompt neutron emission 
were transformed to obtain the line for fragments after 
neutron emission, which is presented as a solid slanted line. 
The fission fragment independent yields are assumed to be 
represented by Gaussian functions of Z, centered at Z^ for a 
given mass A, normalized to the mass yield for that A, and 
with Gaussian dispersions of a=0.56 (44). Thus, nuclei 
further than two charge units away from the Z^ line are not 
usually observed in fission studies before beta decay because 
of their low yields. 
The addition of the 99 new isomeric gamma rays to the 
data of Ref. 20 did not significantly alter the qualitative 
systematic features of fission fragment isomerism as noted 
in that work, i.e., the isomeric intensity is concentrated in 
the four regions near masses 96, 108, 134, and 146. The mass 
96 region appears to be associated with the neutron number 
59 and is discussed in Section III.A. Most of the intensity 
Fig. 11. The region of the chart of the nuclides in the 
vicinity of the light fission fragments. Nuclei 
which are stable with respect to beta decay are 
heavily outlined. The solid diagonal line represents 
Zpi'A) for zs^cf (sf) fission fragments after prompt 
neutron emission. 
LIGHT FISSION FRAGMENT REGION 
100 101 
99 1100 
971 98 
105 106 flO"^ 108 Ko^ 110 111 112 113 114 115 ,117 
104j 105 ^ 0^ 107 Eom 109 Xll 112 113 1^ 115 116 
10 3J 104 105 106 107 108 109 110 111 113 114 
102J 103 ^ 04] 105 106 107 108 10^ ^0 111 112 
101 102 103 104 105 106 1^ l08 
B 101 102 103 104 106 
99 100 101 102 «artn 104 
98 99 1^  foi 102 
97 99 
96 
95 
94 95 
54 56 58 60 6 2  64 66 68 70 
Fig. 12. The region, of the chart of the nuclides in 
the vicinity of the heavy fission fragments. 
For further explanation, see Fig. 11. 
HEAVÏ FISSION FRAGMENT REGION 
15211531154 
1511152115311541155 
14911501151 1411142 
142 143 140 1141 
140 1411142:143 k 
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near mass 108 is determined in this work to be due to three 
N=65 isotones. This feature is discussed in Section III.B. 
The mass 134 region is associated with nuclear structure 
properties near the magic neutron number 82 and is discussed 
in Section III.C. The intensity around mass 146 does not 
appear to be associated with any special feature since it is 
a wide distribution covering about 15 mass numbers. Rotational 
band structure in the rare earth region is discussed in 
Section III.D. 
A. The N=59 Isomers 
Gruter et al. (21), in studies of (n,f) rays and 
K X rays in the ysec range, classified fission fragments with 
N=58,59 as a special region of isomerism. From a total of 
eight isomers found in the light mass fragments, six isomers 
in the half-life range of 0.32-8.0 ysec were reported at 
N=58,59. All but one of these isomers were observed in the 
present experiment, but the nuclidic assignments differ in 
some cases. A K x ray activity with half-life T^^^=0.47+0.08 
^sec, and with no associated gamma ray observed, was assigned 
in the previous work (21) to or = The 141.1= 
3 0 5 8  3 8 5 9  
and 167.1-keV gamma rays (T^^^=350 nsec) observed by Gruter 
et al. (21) at mass 97 have been assigned in the present 
work to ®^Sr on the basis of similar half-life and mass Î 8 5 9 
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centroids for a Z=38 K x ray activity. These gamma rays 
were previously assigned (21) to but no 2=37 K x ray 
activity with greater than 57 nsec was observed in the 
present work. 
All of the gamma rays assigned to Z=39 in the previous 
work (21) are assigned in the present work to and 
the assignment of gamma rays at 122.0 and 130.0 keV to 
®®Zr was also verified in the present work. An isomeric 
4  0  5 9  
K X ray with 320+80 nsec, was assigned in the previous 
work to ^°°Nb , but no accompanying gaima-ray activity was 
4  1  5  9  
reported. A Z=41 K x ray activity with 290+30 nsec 
was observed in the present work at mass 102. A 34.3-keV 
gamma ray with a half-life of 343 nsec and a mass centroid 
of 101.7 amu has been assigned to ^"^Nb because of the 
4  1  6  1  
gamma-ray mass and half-life similarity with the Nb K x rays, 
On the basis of the present work, the isomeric region 
proposed by Griiter ^  al. (21) does not appear to be as 
extensive as reported by them. However , the isomers 
confirmed by the present work are associated with three 
N=59 nuclei, namely ®'Sr , ®®Y and ®^Zr . Furthermore, 
3  8  5  9  3  9  5  9  4 0  5 9  
the present work indicates that each of these "=5S isctcnes 
has at least two associated isomers as shown in Table 5. 
The most complex case is ^ ®Y for which at least four 
3  9  5  9  
isomers occur. As will be shown below, the other two cases 
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have simple decay schemes from the isomeric levels, making 
them especially suited for further analysis. 
The proposed schemes for decay of the isomeric levels 
in ®'Sr and **Zr are shown in Fig. 13. In each case 
3  8  5  9  4 0  5 9  
two gamma ray» were observed with long half-lives (-350 
nsec), with one of the gamma rays displaying a short-lived 
component. The 121.8-keV transition in **Zr was initially 
4  0  5  9  
believed to display an additional component of nsec, 
but was determined later to be an energy doublet. Placement 
of the lowest transition in each case was made possible by 
virtue of its two-component decay curve and observation of 
the gamma ray responsible for the short-lived component. 
The transition multipolarities indicated in Fig. 13 
were determined by comparison of the experimental K conversion 
coefficients with the theoretical values of Hager and Seltzer 
(45). The experimental K conversion coefficients, are 
related to the observed intensities in the following manner: 
N = (l+R^)]=I^Jl+aj,^(l+R^)], 
where I„ = intensity of K x rays, 
= intensity of the ith gamma ray, 
0)^ = K fluorescent yield, 
Fig. 13. Decay of isomeric levels in the 
even-Z isotones ^'Sr and 
3  8  5  9  
. The transition and 
4  0  5  9  
level energies are in keV. 
The assigned transition multi-
polarities are discussed in 
the text. 
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N = population of isomeric level, and 
= ratio of L+M conversion to K conversion for 
multipolarity of the ith transition. 
values of 0.15 (the approximate average of Rj^ for El, Ml 
and E2 multipolarities) were used to obtain initial solutions 
for the a^^'s. Then the appropriate theoretical values (45) 
of the R^'s for the multipolarities deduced from the initial 
solutions were used to obtain the final values. The 
multipolarity of the transition from the long-lived isomeric 
level in both isotones could be El or Ml. Since the lower 
transition has E2 multipolarity it accounts for most of the 
K X ray intensity and the solution for of the isomeric 
transition in the above equations is essentially the 
subtraction of one large number from another. The resulting 
uncertainty of for the isomeric transition produces an 
overlap with both El and Ml theoretical values (45). 
The large number of isomers and transitions assigned to 
ggYg precludes multipolarity determinations for the 
transitions in that nucleus. However, the experimental K 
conversion coefficients in the other N=59 isotones indicate 
that their isomeric levels decay by possible multipolarities 
of either El (hindrance factor ~3 x 10 ') or Ml (hindrance 
—  5  factor ~3 X 10 ). Data on the El transition probability, 
reviewed by Perdrisat (46), indicate the observed isomeric 
transitions, if El, to be more hindered than average, 
Ill 
although the measured hindrance factors (excluding K-forbidden 
transitions in deformed nuclei) span the range 10 * - 10 
In the deformed rare earth region, a hindrance factor of 
3 X 10 ^ is compatible with both K-allowed and slightly 
K-forbidden transitions. Experimentally measured Ml hindrance 
factors lie in the range 1 - 10 ^ (47) with only five 
transitions smaller than lO""*. Thus, the isomeric transitions 
observed in the present work are definitely atypical if they 
have Ml multipolarity. 
Theoretical predictions (22,23) of oblate ground state 
deformation in nearby nuclei indicate N=58-60 to be the 
transition region analogous to N=88-90 in the rare earths, 
and the experimental results of Cheifetz et a^. (10) show 
^°^Zr to be a good candidate for ground-state deformation. 4 0 6 2 ^ 
Gruter et (21) suggest that the N~59 isomerism may be a 
spin isomerism or possibly a shape isomerism if states of 
prolate and oblate deformations were to co-exist, as postulated 
by Arseniev et al. (48) for the neutron-deficient Z>50, N<82 
region, or if there were co-existence between spherical and 
deformed states, for which there is experimental evidence in 
the Ir isotopes (49). On the basis of the present work, spin 
isomerism can be ruled out. The status of the shape 
isomerism postulate remains uncertain as there are a variety 
of other factors (46,50) especially in the odd-mass deformed 
nuclei, which can cause unusual retardation of El or Ml 
transitions. 
112 
B. The N=65 Isomers 
Most of the isomeric intensity in the mass 108 region can 
be attributed to three N=65 isotones - ^°^Mo , ^°®Tc and kZ 65 4 3 es 
^°®Ru . The even-Z isotones cannot be interpreted easily 
4 4  6  5  
because only one isomeric gamma ray has been assigned to each 
isotone, whereas several gamma rays in this mass region 
cannot be assigned to specific nuclei. Three isomers with 
eleven gamma rays are assigned to the odd-Z isotone ^°®Tc^^. 
Enough coincidence data for these transitions was obtained 
to construct the partial level scheme shown in Fig. 14. 
Information used in the construction of the level diagram 
includes all types of data analysis described in Section II, 
i.e., f-y-y and f-f-y-x coincidences, multiple decay times 
of gamma ray peaks, etc. The 330.2-keV level presented in 
Fig. 14 may be at 234.3 keV, the 90.0-keV level at 86.3 keV, 
and the 69.9-ksV level at 106.1 keV,- on the basis of unknown 
order of the cascading pair involved in each case. Other 
unassigned gamma rays with (energy, half-life, mass) values 
of (72.1 keV, 8 nsec, 107+2 amu), (196,8 keV, 200 nsec, 
107+2 amu), and (597.8 keV, 4 nsec, 108+2 amu) [see Table 2] 
may be transitions in ^°®Tc also because of their mass 
4  3  6  5  
proximity. Three transitions (E^=30.3, 116.0 and 119.8 keV) 
assigned to ^®®Tc in Table 5 have not been placed in the 
4  3  6  5  
level diagram. The 116,0- and 119,8-keV transitions were 
assigned to mass 109 by John et al. (20). The 30,3-keV 
Fig. 14. Decay of the isomeric levels 
in ^ ° ®Tc . See text for 
4  3  6  5  
discussion of assignments. 
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transition has a mass uncertainty of +1 amu because of inter­
ference by complementary Cs K x rays. Also its half-life 
is long, probably greater than 3 ysec. It is possible that 
the ground state indicated in Fig. 14 should really be a 
level 30.3 keV above the ground state. One intriguing 
possibility is a 30.3-26.3-119.8-keV cascade associated with 
the 176.3-keV crossover transition. However, the 26.3-keV 
transition has an ambiguous (heavy vs. light) mass assignment 
and no observed 115-nsec lifetime component. 
The abnormally large number of low-energy transitions in 
this nucleus offers an explanation for the fact that Tc K x 
rays dominate both the prompt and delayed K x ray spectrum 
for (sf), since some of these transitions are probably 
significantly converted. 
No conversion coefficients could be determined in this 
region because of the ambiguity arising from the presence 
of weak unassigned transitions. However, some general 
statements can be made about the observed isomerism. From 
average gamma-ray energy and half-life considerations, the 
N=65 isomeric transitions could have multipolarities E2, 
enhanced in a normal fashion, or else El or Ml, hindered 
slightly more than average. 
Possible mechanisms responsible for the hindrance of El 
or Ml transitions can be the following. Ml transitions in 
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this region could be hindered by & forbiddeness, such as 
transitions between d , and g„ . states. The N=65 transitions 
S / 2  ^ 7 / 2  
may be governed by selection rules of the asymptotic quantum 
numbers (50) since the isotones lie in a region of probable 
ground-state deformation. Violation of these selection rules 
would result in abnormally slow rates for the transitions. 
C. The N«82 Region 
The mass region 132-137 is particularly rich in high-
energy isomeric gamma rays. John et (20) suggested that 
+ + 
the 1280-keV gamma ray in this region could be the 2 ->0 
transition to the ground state of ^ ^  "^Te , based on systematics 
5 2  8  2  
of N=82 nuclei and the theoretical prediction of a collective 
vibrational state at 1.3 MeV by Kisslinger and Sorensen (51). 
Furthermore, the (Ig^^^)^ two-quasi-particle (2QP) levels 
are predicted (51) to be near the collective 2^ level, 
providing a means of feeding the 2^ level by low-energy 
transitions. Wilhemy et (11) assigned the 115.2-, 
297.0- and 1279.6-keV gamma rays to be respectively the 
6^ 4"^, 4^ ->• 2^ and 2^ ->• 0^ members of the ground-state 
band as shown in Fig. 15. Ds-cxcitation of the presumed 
X 
163-nsec isomeric 6' level to the 0 ground state would then 
proceed by three cascading transitions of E2 multipolarity. 
The three gamma rays in question are found to have the same 
Fig. 15. Decay of the 6^ isomeric level 
in , 
5  2  8 2  
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half-lives and to be coincident in the present work, confirming 
the earlier results of Wilhemy et (11) and Gruter et a]^ . 
(21). In addition, the 115-keV transition is found in this 
work to be coincident with Z=46 K x rays (complementary to 
Z=52) and the 297-keV transition with Z=52 K x rays. The 
115-keV gamma ray is not seen in coincidence with Te K x rays 
because the conversion coefficients of the coincident 
transitions are possibly small. 
The intensities of the Z=52, 163-nsec K x ray and 115,2-
keV, 163-nsec gamma ray from the present work were used to 
calculate the experimental K conversion coefficient, a^, for 
the 115.2-keV transition 
I 
X 
where I and I are the K x ray and gamma-ray intensities 
X V 
and is the K fluorescent yield. A value of #^=0.855 was 
obtained from Wapstra et (25). The resulting conversion 
coefficient is = 0.89+0.07. Theoretical values of Hager 
and Seltzer (45) for various assumptions of transition 
multipolarity are a^XEl) = 0 = 115,- = 0.399. a„(E2) = 
0.761, a^(M2) = 3.40 and a^XES) = 4.13. The experimental 
value is clearly most consistent with E2 multipolarity. When 
a correction is made for presumed E2 multipolarity of the 
297.0-keV transition [a^(E2) = 0.033], the experimental 
K 
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conversion coefficient becomes aj^(115.2) = 0.85+0.07, which 
is in even better agreement with an assumed E2 multipolarity 
for the 115-keV transition. 
Similar structure appears in the nearby isotone ^g^Xe^^ 
where three gamma rays of long half-life (~3 usee) were 
found to be coincident, confirming the earlier work of Griiter 
et al. (21) and Lundan and Suvola (52). The Z=54 K x ray 
activity was found to have a 3 ysec component centered at 
mass 136, thereby confirming the elemental identification. 
This K X ray activity was combined with the intensity of the 
197.3-keV transition (assumed to be the 6^ 4^ transition 
as shown in Fig. 16) in the manner described previously for 
^ ^  "^Te , in order to check the consistency of an E2-
5  2  8  2  
multipolarity assumption for the 197.3-keV transition. The 
value thus obtained for a„ is 0.152+0.023, where a correction 
has been made for an assumed a^(E2)=0.017 for the coincident 
381.5-keV 4^ 2^ transition. This value is quite consistent 
with an E2 multipolarity for the 197.3-keV transition as 
indicated by the theoretical values (45) of a^XEl) = 0.029 , 
aj^(Ml) = 0.110, o.^{E2) = 0.140, aj^(M2) = 0.64, and a^XES) = 
0.57. A theoretical study has been made by ïîeyde et al. (53) 
of these two isomers and similar ones occurring in the higher 
mass even-even N=82 nuclei. A quasi-particle description 
Fig. 16. Decay of the 6^ isomeric level 
1891.8 (2800 usee) 
1694.5 
1313.0 
0 
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with Gaussian two-body interaction, combined with experimental 
information from the odd-proton N=82 nuclei and knowledge of 
the single-particle states, was used to calculate the energy 
levels using a 2QP basis. Fair agreement was obtained with 
the proposed 6^, 4^ and 2^ level positions in ^g^Te^^ and 
^^®Xe . A further calculation was made in that work, using 
5 2 8 2 
+ + 
the experimental transition energies, to obtain the 6 4 
transition lifetime of 181 nsec and 303 nsec, respectively, 
for i^^Te and ^^®Xe . The agreement is excellent with 
5 2 8 2  5  4  8 2  
the experimental 162-nsec half-life for -®'*Te but the 
5 2  8 2  
discrepancy with the experimental value of 2800 nsec for 
^s^Xegj prompted the authors to investigate this case 
further. They found the experimental half-life to be 
reproduced in their calculation when the occupation 
probability of the Ig^y^ proton state was taken to be 
v' - 0.5, in aqreement with a purs shell-model picture= 
197/2 
The authors conclude that the observed isomeric levels in 
all N=82 single-closed shell, even-Z nuclei are due to a 
J^=6^ 2QP configuration which is mainly (Ig^ ^ in the 
2=52-58 region. 
The single-proton states in the N=82 nuclei for Z>53 
have been studied experimentally (54) and theoretically (55). 
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From systematics based on these studies, the lowest proton 
orbitals for N=82 odd-Z nuclei in the fission fragment region 
are probably Ig^y^ and which are well separated from 
the Ih,,/ , 3s , and 2d , orbitals. Single-proton 11/2 1/2 3/2 
transitions between the 5/2^ first excited state at 0.5-1.0 
MeV and the 7/2^ ground state would be hindered Ml transitions 
of the ^-forbidden type, giving rise to possible isomerism. 
No definite N=82, odd Z assignments were made in the present 
work, although possible fine structure in the neutron 
multiplicity could cause transitions in these nuclei to be 
erroneously assigned. 
The single-neutron states have been studied theoretically 
in the N=83, even Z nuclei for Z>54 (56) . Gamma rays at 
314.1 and 400.0 keV have been assigned in the present work 
to ^^^Xe . Comparison of this assignment to the ^^®Xe 
5 4  8  3  5 4  8 2  
(d,p) results of Moore and Riley (39) indicates a 
probable correspondence. A 1221.0-keV transition seen in the 
present work at mass 138+2 and ~ 5.1 nsec is probably 
the transition from the 5/2 level at 1.20 MeV to the 7/2 
ground state. The 400.0-keV transition is probably the 
transition from the sixth sxcitcd state at 1.61 meV (no 
assigned spin-parity) to the 5/2 level at 1.20 MeV. Directly 
populating the 1.61-MeV level would then be the 314.1-keV 
transition from the ninth excited state (no assigned spin-
parity) at 1.93 MeV. It is possible that the 1.93-MeV level 
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is not responsible for the observed isomerism. Table 2 
contains an unassigned 70.2-keV gamma ray at 138+2 amu with 
a short half-life (<9 nsec), and this may be the transition 
from the tenth excited level at 2.03 MeV to the next lower 
level at 1.93 MeV. There remains a rather sizeable 
uncertainty in these assignments because of the poor energy 
resolution (45 keV) in the reaction study. Also the 
proximity of the intense deuteron elastic-scattering peak 
to the 1.61- and 1.93-MeV peaks in the experimental particle 
spectrum (39) made spin-parity assignments unfeasible for 
these levels. 
Several isomeric gamma rays have been assigned to other 
nuclei at N=81, 83 and 84. Shell model calculations of 
energy levels and corresponding transition probabilities 
would be most useful for interpretation of the present 
results. 
D. Ground-State Rotational Bands 
in the Rare-Earth Nuclei 
As mentioned in Section I, an interesting result 
reported by John et (20) is the apparent isomeric de-
excitation through rotational ground-state bands (GSB's). 
Special care was taken in the present work to compensate for 
spurious timing effects in the Ge(Li) detector, so that the 
validity of this earlier result could be tested. The gamma 
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rays reported by John et (20) (later reported by Wilhemy 
et al. (11) to be intra-band transitions of a rotational 
nature in deformed even-even rare-earth nuclei) were also 
seen in the present experiment. The rotational level schemes 
proposed in Ref. 11 for the deformed nuclei ^®^Nd , ^®'*Nd , 
6 0  9 2  6  0  3 4  
isGgm and ^®®Sm are presented in Fig. 17. The transitions 
6  2  9 4  6 2 9 6  '  
in these nuclei reported by John et al. (20) and seen in the 
present experiment are given in Table 7. Not all of these 
transitions could be treated quantitatively in the present 
analysis, but close visual scrutiny of the mass=time-=sorted 
spectra revealed the presence of the 268-keV (6^ -> 4^) 
transition in and the probable presence of the 2^ + 0^ 
4" 4* 
transitions for these four nuclei. The 249-keV (6 4 ) 
transition in ^ ® ''Nd could not be found in the spectra even 
6  0  9  4  
though its predicted intensity is the same as the 268-keV 
transition. None of the other 6"*" + 4"^ transitions in the 
range 247-268 keV could be seen in the present work because 
of their probable weak intensity. However, John et (20), 
using a larger Ge(Li) detector of 9-cm^ volume, observed the 
268-keV transition (6^ 4"*" in ^®®Sm ) and the 247-keV 
6  2  9  4  
transition (6" -^4" in ^*^Nd ). 
6  0  9  2  
The absence in the delayed gamma-ray spectrum of the 
6^->4"^ transitions in ^®'*Nd and at 249 and 258 
6 0  9 4  6 2  9 6  
keV, respectively, is confirmed by the work of John et al. (20). 
Fig. 17. Ground-state rotational levels 
in even-even rare-earth fission 
fragments. Level assignments 
made in Ref. 11. 
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Table 7. Ground-State rotational bands in rare -earth nuclei^ 
(keV) 
Reported Seen in 
Nucleus Transition in (20) Present Work 
2+44+ 75.9 __b Weak 
4++2+ 164.7 Yes Yes 
6+->4+ 247.3 Yes c 
8+->6+ 322.1 c c 
'"Nd 
6 0 9 4 
2+44+ 72.8 __b Weak 
4+^2+ 162.4 Yes Yes 
6+44+ 248.7 No No 
8+46+ 328.1 c c 
ISGgm 
6 2 9 "• 
2+^0+ 76.0 __b Weak 
4++2+ 174.2 Yes Yes 
6+->4+ 267.8 Yes Weak 
i5*Sm 
6 2 9 6 
2+-»-0+ 72.8 b Weak 
4++2+ 167.5 Yes Yes 
6++4+ 258.2 No c 
8+^6+ 346.0 c c 
"Assignments taken from Ref. 11. 
^70-80 keV region not analyzed due to interference by 
Pb K X rays. 
^Predicted intensity below detection efficiency 
threshold of experiment. 
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Based on the reported intensities of their associated 4^ + 2* 
transitions, the 6^ 4^ transitions at 249 and 258 keV 
would have intensities of 6 x 10~^ and 2.5 x lO"* photons per 
fission, respectively. However, John et (20) do report 
a 243.4-keV transition in this mass region with an intensity 
of 1 X 10 photons per fission. The presence of the 8^  ->• 6^  
transitions in ^®^Nd and cannot be ruled out since 
6 0  9 2  6 2  9  4  
they may have been below the detection efficiency threshold 
of John et al. (20) and certainly were in the present work. 
Transitions between members of the same rotational 
band in these nuclei are expected to be enhanced about two 
or three orders of magnitude with respect to the single-
particle estimate. Indeed, the measured half-lives (11) of 
+ + 
the 2 4- 0 transitions for these four nuclei are in the 
range 2-3 nsec, compared to the single-particle estimate of 
-1000 nsec, and these transitions are expected to be the 
slowest transitions in the rotational cascade because of 
their low energies. The GSB transitions observed in the 
present work displayed much longer half-lives, in the range 
100-2000 nsec. The following is speculative discussion on 
the nature of the observed isomers in this region. 
In order to understand the decay processes which feed 
members of the GSB, it is instructive to consider the 
interpretation of (a,3n) and (a,4n) reaction studies. In 
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the work of Williamson et al. (57) the GSB in deformed even-
even isotopes of Gdf Dy, Er and Yb were studied with these 
reactions. Similarity between the reaction work (57) and 
fission fragment de-excitation is suggested by the following 
points: 
1) Both the reaction products and the fission fragments 
in question lie in the deformed rare-earth region. 
2) The average initial angular momenta of both the 
nuclei formed as reaction products (57) and the present 
fission fragments (13) are ~10 ft, 
3) The rare-earth fission fragments and reaction products 
both loose 3-4 neutrons during their respective de-excitation 
processes, suggesting similar excitation energies. 
In the reaction studies (57), it was concluded that the 
de-excitation occurs first by an "evaporation cascade" 
through a high-level-density region where as much as 9 units 
of angular momentum are lost. After the "evaporation cascade", 
the GSB is entered. The average angular momentum value of 
the nucleus at entry into the GSB was measured (57) to be 
5-7 ft, independent of the specific reaction product or of 
the bombarding energy (in the 30-4 0 MeV range). Entry into 
the GSB occurs over a broad, smooth distribution of GSB 
levels. Contrasting this feature are the results of (HI,xn) 
reactions, in which the GSB is entered at only a few levels 
(58). In the (HI,xn) reactions the initial angular 
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momentum of the reaction product is high (~40 -K) and its 
energy is ~20 MeV. After the "evaporation cascade" in the 
heavy ion reaction, an "yrast cascade" occurs along the 
region of the yrast line until the higher GSB members are 
reached. Feeding of the GSB occurs generally within 10 
psec (58), but there is no reason to believe that isomers 
can't be formed near the high-lying GSB members. 
Since the observed isomeric levels decay rather 
selectively into GSB levels of angular momentum 4 -R or 
greater, the isomeric levels themselves probably have angular 
momenta ^5 fi. Such angular momentum values are consistent 
with the (a,xn)-reaction studies (57) and also with the 
measured intrinsic angular momentum distribution of fission 
fragments (13). High angular-momentum states are present in 
these nuclei due to rotational band structure based on either 
intrinsic or collective-vibrational states, but such states 
would de-excite by very enhanced cascades to their band-
heads rather than directly to a GSB member. Decay from a 
collective-vibrational band-head would take place into 
+ + 
either the 0 ground state or 2 GSB member because of the 
low angular momentum value of the collective-vibrational 
band-heads. 
The most likely candidates for the isomeric levels are 
then low-lying intrinsic 2QP levels with K quantum number 
^5. Such states can be constructed, as will now be shown. 
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Bunker and Reich (59) indicate the asymptotic quantum numbers 
of the single-proton states near the Fermi level for Z~62 
to be 5/2+[413], 5/2"[532] and 3/2+[411]. The K"=5/2+ and 
5/2 states could couple to produce a K^=5 2QP level. The 
single-neutron states near the Fermi level (59) for the N392 
region are 3/2 [531], 11/2 [505] and a K^=3/2^ state due to 
mixing of 3/2^[651] and 3/2^[402]. As the neutron number 
approaches 96 these states become depressed below the Fermi 
level, and the states near the Fermi level become 5/2^[642], 
5/2~[523] and 3/2 [521]= Coupling the single-neutron 
intrinsic states can produce K values as large as 7 for 
N292 or 5 for N~96. The 2QP levels produced in this manner 
+ + 
would decay preferentially to the 6 or 4 GSB members with 
K forbiddeness large enough (AK=5-7), by the empirical rule 
of Rusinov (60), to account for the observed half-lives of 
the low-energy gamma rays which were not assigned as GSB 
transitions in this mass region. 
However, the 2QP levels are expected to lie at least 1 
+ 
MeV above the ground state, well above the 6 GSB levels at 
-500 keV. If the high-angular-momentum 2QP levels were 
feeding directly the 6^ Or 4^ GSB levels, then the transition 
energies would be ~500 keV and the transitions would not be 
detectable in the present work. 
Unfortunately, the nuclei in question are formed with 
low yields in fission (<0.1% per fission) and only 10% of the 
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de-excitation proceeds through the isomeric levels. Because 
of the low intensities of these transitions, no f-y-y 
coincidence information could be obtained for clarification of 
the nature of the observed isomerism. 
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IV. CONCLUSION 
Fission-fragment spectroscopy is rapidly emerging as a 
useful tool for study of the very neutron-rich region of 
nuclei, a region not generally accessible by reaction studies. 
Excellent work by the Berkeley group (10,11) identified the 
ground state bands in many even-even nuclei, which greatly 
improved the reliability of fission-fragment mass determina­
tions. Fragment spectroscopy results can be used to augment 
beta-decay studies of mass-separated fission products. For 
example, the half-life of the 13.9-keV level of ^"^"Cs has 
5  5  8  5  
been determined in the present work and is presented in Table 
5, This result should aid interpretation of gamma-ray studies 
of this nucleus (40). 
Previous work (20,21) on isomeric gamma rays has been 
greatly expanded by the inclusion of very low-energy gamma 
rays and K x rays. The lov;-energy results have been used to 
further clarify the nature of previously reported (20,21) 
isomerism through unique assignment of the isomeric gamma 
rays to specific nuclei or the determination of K conversion 
coefficients. 
The presence of isomeric gamma rays in the region of 
10-40 keV has indicated that a good deal of caution must be 
used in discussing delayed K x ray emission in fission. For 
example the published delayed K x ray yields in the vicinity 
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of Z=51 (7) are probably overestimated due to previously 
unknown delayed gamma rays at 25.4, 26.3, 26.9 and 27.7 
keV. Because of their long half-lives, the very low-energy 
gamma rays observed here were not observed in mass-sorted 
Si(Li) spectra for 0-1.0 nsec after fission (61). However, 
charge-division results obtained from longer time ranges 
(8) may be affected by interference from low-energy isomeric 
gamma rays. The assigned gamma rays presented in Table 5 
should be useful in fission charge-division studies since, 
for different fissioning systems? the relative yields of 
gamma rays assigned to adjacent nuclei are rather sensitive 
to the charge division curve and are thus good indicators of 
Zp changes between fissioning systems. 
Further investigation using different fissioning systems 
would be useful for added clarification of presently observed 
features. For example, isomeric GSB feeding in the rare-
earth region could be investigated with charged-particle-
induced fission, since the fission yield of the rare earths 
could be increased and the angular momentum dependence of 
the isomers studied. Charged-particle-induced fission would 
also be useful in the N~82 region since the angular momentum 
dependence of levels in that region could be studied and 
compared to the results of reaction studies. When sequences 
and quantum numbers of the nuclear levels populated in 
137 
fission are determined, it will be possible to study the 
theoretically-elusive fission process in great detail. 
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